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1 GENERAL INTRODUCTION AND RESEARCH OBJECTIVES 
 
1. General introduction 
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1.1 Systems thinking and patient safety research 
In September 1999, the Institute of Medicine (IOM) issued its 'To Err is Human: Building a Safer 
Health System' report (Institute of Medicine (U.S.) Committee on Quality of Health Care in America, 
2000). Based on extrapolations from observational studies using chart reviews in New York (Brennan et 
al., 1991) and Colorado and Utah (Thomas et al., 2000) the IOM report indicated that between 44,000 and 
98,000 people die in U.S. hospitals each year as a result of medical errors that could have been prevented. 
Patient safety problems in hospital care received increased recognition after the release of this seminal 
report (Leape & Berwick, 2005). 'To Err is Human' would be the first of eleven books within the IOM 
Quality Chasm Series. The second book was titled 'Crossing the Quality Chasm' and focused on strategies 
for health care systems to innovate and improve care (Institute of Medicine (U.S.) Committee on Quality 
of Health Care in America, 2001). Many countries and international institutions put patient safety as a top 
priority as a direct result of the concerns that were outlined in these IOM reports. The U.S. based Institute 
for Healthcare Improvement (IHI) started offering programs for developing Patient Safety Officers since 
the early 2000's. In the UK, the National Patient Safety Agency (NPSA) was established in 2001 (and 
abolished in 2012) with a mandate to identify patient safety issues and find appropriate solutions. The 
Organisation for Economic Cooperation and Development (OECD) initiated the Health Care Quality 
Indicators Project in 2002, which aims to measure and compare the quality of health services in its 
Member States. Patient safety is one of their key areas of focus. In 2004, the World Health Organization 
(WHO) launched the World Alliance for Patient Safety to reduce the adverse health and social 
consequences of unsafe health care. This research team has identified how priorities for patient safety 
research differ between developing, transitional and developed countries (Bates, Larizgoitia, Prasopa-
Plaizier, & Jha, 2009). A last example is the Australian Commission on Safety and Quality in Health Care, 
established in 2006 to lead and coordinate safety and quality improvement nationally. 
An interrupted time series analysis found that the To Err is Human report led to a large increase in 
patient safety publications and research awards. But more importantly, this analysis showed that the IOM 
initiated a paradigm shift in the patient safety literature from reports of malpractice to reports on 
organizational culture (Stelfox, Palmisani, Scurlock, Orav, & Bates, 2006). In the words of Wachter (2012): 
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"The modern patient safety movement replaces the blame and shame game with an approach known as 
systems thinking". This systems thinking approach is acknowledged in the Agency for Healthcare Research 
and Quality's (AHRQ) definition of patient safety as "A discipline in the health care sector that applies 
safety science methods toward the goal of achieving a trustworthy system of health care delivery. Patient 
safety is also an attribute of health care systems; it minimizes the incidence and impact of, and maximizes 
recovery from, adverse events" (Emanuel et al., 2008).  
Many excellent models and tools have been proposed to identify, measure and manage underlying 
patient safety issues using a systems orientation approach. About fifty years ago, Donabedian (1966, 
1988) advanced the idea that the quality of medical care can be assessed by examining healthcare 
structures, processes and outcomes. Structures describe the setting in which care takes place, including 
for example the adequacy of facilities and equipment and the qualification of the medical staff. Processes 
denote the transactions between patients and providers throughout the delivery of healthcare and relate 
to the question whether medicine is properly practiced. Outcomes refer to the effects of health care on 
recovery, restoration of function and survival. Donabedian's perspective was one-directional, implying 
that structures affect processes, which in turn affect outcomes. The Quality Health Outcomes Model 
(QHOM) added dynamism to Donabedian's work by recognizing feedback that occurs among clients, the 
system in which care is provided, and interventions (Mitchell, Ferketich, & Jennings, 1998). Carayon's 
(2006) Systems Engineering Initiative for Patient Safety (SEIPS) model also builds on Donabedian's 
influential work. Carayon's conceptions of studying patient safety in a systems framework are anchored in 
a human factors and ergonomics (HFE) approach. HFE is defined as "The scientific discipline concerned 
with the understanding of interactions among humans and other elements of a system, and the 
profession that applies theory, principles, data and methods to design in order to optimize human well-
being and overall system performance" (International Ergonomics Association, 2014). Whereas 
Donabedian's model solely focuses on patient outcomes, the SEIPS model also specifies the components 
of the care system that can contribute to employee and organizational outcomes. Such outcomes include 
employee satisfaction, burnout, safety and turnover, which can correlate with patient outcomes. It also 
puts increased attention on structures and looks at other processes besides care processes, such as 
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information flow, purchasing and cleaning. Several examples of HFE-based interventions for patient safety 
using the SEIPS model are described by Carayon, Xie and Kianfar (2014). SEIPS 2.0 (Holden et al., 2013) 
added three salient components to Carayon's work, including configuration (potential interaction 
between all components of the model), engagement (work can involve professionals, patients, or can be a 
collaboration between professionals and patients) and adaptation (feedback mechanisms). One of the 
developers' conclusions is that these additions allow the SEIPS 2.0 model to test emerging complex 
research questions on cross-level effects (e.g. organizational-level factors affecting individual-level 
factors) and the replication of effects across levels (e.g. parallel relationships at individual and 
organizational levels), pointing to surge of interest in healthcare towards multilevel analyses of complex 
phenomena. As explained later on, the challenges associated with the use of multilevel modeling 
techniques present an excellent opportunity for this PhD study to contribute to this field of research. 
Figure 1.1. Patient safety model of health care (Emanuel et al. 2008) 
 
Drawing on the ideas of Donabedian and other theoreticians, a team of patient safety experts 
described an overarching patient safety model of health care with four components: workers in health 
care, recipients of care, systems for therapeutic action, and methods for feedback and continuous 
improvement (Figure 1.1). This is an important effort to give a simple illustration of what constitutes 
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patient safety, where patient safety happens (systems for therapeutic action), how patient safety is 
achieved (methods for feedback and continuous improvement), and who are the people involved in 
patient safety (recipients and workers). The dotted lines mean that all four components interact with each 
other as well as with the environment (Emanuel et al., 2008).  
Donabedian's notions were described to be crosscutting these four domains. Other models on the 
other hand have specifically been conceived as fitting unambiguously to one or several domains, such as 
the System of Profound Knowledge (SoPK), which is the result of Deming's work on quality, management 
and leadership (Deming, 1993). This model holds four areas for driving quality improvement. First, 
appreciation for a system refers to defining a system as an interdependent group of items, people or 
processes working together toward a common purpose. This implies a need for cooperation and 
integration instead of competition. Second, knowledge of variation is about recognizing and 
understanding different types of variation, their causes and their implications. The third area is building 
knowledge. With more knowledge about the system come tailored interventions. The fourth and last area 
is that of psychology. Successful management begins with acknowledging that people are different, and 
recognizing and optimizing workers' skills within an organization. Emanuel and colleagues placed all four 
of Deming's areas for quality improvement under the methods component of their patient safety model. 
Another well-established model, the Organizational Accident Model (Vincent, Taylor-Adams, & Stanhope, 
1998) also found its way to the overarching patient safety model. The Organizational Accident Model is 
based on Reason's (2000) Swiss Cheese Model of Accident Causation. Using a human factors approach, 
Reason studied the conditions under which humans work. He concentrated on system defenses, barriers 
and safeguards as key concepts of a system approach. System failures can be caused by active failures 
(committed by people) or by latent conditions (resident pathogens within the system). Opportunities for 
active or latent errors to contribute to an accident are called windows of opportunity. If these windows of 
opportunity align at all levels in an organization, an accident occurs. Reason pictured this accident 
trajectory model as aligning holes in slices of Swiss cheese. In establishing high-reliability organizations, 
which Reason defines as "systems operating in hazardous conditions that have fewer than their fair share 
of adverse events", a reporting culture of how and why defenses fail is a key element for error 
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management. Vincent et al. translated this model to a medical setting. They identified seven crucial 
elements that influence safety. These seven elements and their respective categorization in the 
overarching patient safety model from Emanuel et al. are: patient characteristics (recipients of care), 
team factors and individual staff factors (workers in health care), organizational and management factors, 
work environment, task factors and institutional context (systems for therapeutic action). Vincent and co-
workers recommend quality and safety initiatives to be multifactorial by addressing as much of these 
seven elements jointly, and added that interventions may oppose themselves at several points in the 
organizational hierarchy. The idea that different levels of an organization can be the focus of interest will 
be a major topic of interest in this PhD study. 
The above models stand out in terms of redirecting conversations on patient safety from an 
individual perspective to a systems perspective. They have offered new ways of studying and improving 
quality and safety in health care organizations and provide the foundations for many models of nursing 
care delivery that are presented in the next section. 
1.2 Models considering patient safety from a nursing perspective 
A select number of health services researchers initiated research with a specific focus of interest on 
the extent to which human nursing capital and the organizational practices of nursing are part of the 
explanation for patient, nurse and organizational outcomes. Experts in this field have provided a 
theoretical basis for guiding these studies. The most widely cited theoretical work is Aiken, Sochalski and 
Lake's (1997) early conceptual framework that set out operant mechanisms relating organizational 
attributes, with a particular focus on nursing's contributions, to outcomes. Their model is theoretically 
founded on Donabedian's conceptions, including the dynamism between model components that was 
proposed by Mitchell and colleagues. The framework posits that hospital and nursing unit level 
organizational models that positively influence nurse autonomy, control by nurses of resources at the unit 
level, and relations between nurses and physicians, yield better nurse, patient and organization 
outcomes. In this model, nursing is seen as an on-going surveillance system. This system is better in 
detecting early signs of complications under better patient-to-nurse ratios and when more nurses are 
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educated to a bachelor's degree. This thinking was integrated into an international research agenda which 
initially put strong emphasis on analyzing effects of patient-to-nurse ratios and nurse education levels on 
patient outcomes. Measuring the nursing work environment (organizational support for nursing care) 
required the development of a method and instrument (Aiken, Clarke, & Sloane, 2002). This 
organizational construct of major interest has since been defined as "the organizational characteristics of 
a work setting that facilitate or constrain professional nursing practice" (Lake, 2002, 2007). Research into 
the quality of nursing work environments was the result of another seminal IOM Quality Chasm report, 
'Keeping Patients Safe: Transforming the Work Environment of Nurses', which called for reinforcing 
patient safety defense in nurses' work environments (Institute of Medicine (U.S.) Committee on the Work 
Environment for Nurses and Patient Safety, 2004).  
Figure 1.2 displays the conceptual framework from Aiken, Clarke, and Sloane (2002). Swiss 
researchers further developed the model and hypothesized that inadequate staffing and poor practice 
environments are linked with a higher degree of daily tasks that nurses withhold or fail to carry out. This is 
labelled rationing of care, which in turn relates to patient satisfaction and clinical outcomes. It is called 
the Rationing of Nursing Care in Switzerland (RICH) model (Schubert et al., 2008; Schubert, Glass, Clarke, 
Schaffert-Witvliet, & De Geest, 2007).  
Figure 1.2 Conceptual framework linking the organization of nursing care to nurse and patient outcomes (Aiken et al. 
2002) 
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Other health services researchers have established complementary organizational models to guide 
outcomes research in nursing. Within Donabedian's process component, the Nursing Role Effectiveness 
Model defined independent role functions (for which nurses are held accountable), dependent role 
functions (implementation of medical orders and treatments) and interdependent role functions (shared 
responsibilities). Effectively engaging in these roles is theorized to depend on unit structural variables 
such as nurse staffing and nurse leadership  (Doran, Sidani, Keatings, & Doidge, 2002; Irvine, Sidani, & 
Hall, 1998). The Nursing Worklife Model relates the multidimensionality of nurses' perceptions of 
professional practice environments (leadership, nurse participation in hospital affairs, collegial nurse-
physician relations, adequate staffing, nursing models of care) to nurse burnout (Manojlovich & 
Laschinger, 2007, 2008). The authors put strong emphasis on testing this theoretical model using path 
analysis to describe dependencies among the practice environment dimensions. Last, Nursing Services 
Delivery Theory (Meyer & O'Brien-Pallas, 2010) draws on Katz and Kahn's (1978) work on Open Systems 
Theory, which acknowledges the environment's influence on systems. The authors define a dynamic 
interaction between input, throughput and output. In line with Open Systems Theory, Nursing Services 
Delivery Theory recognizes that workers are clustered in work groups that are nested in the system or 
even other levels within the system. Consistent with SEIPS 2.0, Nursing Services Delivery Theory explicates 
the study of multiple levels of phenomena and the examination of cross-level effects. It also calls for 
researchers to examine 'why' and 'how' hypotheses to probe more deeply into the nature of known 
relationships. 
Aiken and colleagues' framework is by far the most widely empirically tested model. It initiated an 
international program of research in 1997 that today generated evidence in 27 countries in which a 
common core of instrumentation was used to study organizational features of nursing care (Armenia, 
Belgium, Botswana, Canada, China, Cyprus, England, Finland, Germany, Greece, Iceland, Ireland, Japan, 
the Netherlands, New Zealand, Norway, Poland, Portugal, Russia, Scotland, South Africa, South Korea, 
Spain, Sweden, Switzerland, Thailand, and the U.S.). The challenges and rewards of developing this unique 
international consortium are described by Aiken et al. (1997), Sochalski and Aiken (1999), Cheung and 
Aiken (2008), Clarke and Aiken (2008) and Sermeus et al. (2011). This consortium of researchers is largely 
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responsible for documenting in an empirical way that there is large variation in every aspect of nursing 
organization within and between countries. Many of these studies have documented that this variation is 
linked to a wide range of nurse and patient outcomes. The next section provides a detailed overview of 
landmark studies on the organization of nursing care and consequences for patients and nurses in the U.S. 
and Europe.   
1.3 Hallmarks of nursing and patient oriented health services research 
The past decade has witnessed a large increase in studies bringing together the issues of patient 
safety and the organizational context of nursing care. This research was largely sparked by a 1996 IOM 
report calling for more rigorous research on the association of nurse staffing and patient outcomes in 
hospitals, since the evidence supporting such relationship was inconclusive (Institute of Medicine (U.S.) 
Committee on the Adequacy of Nursing Staff in Hospitals and Nursing Homes, 1996). The section below 
provides a summary of the main studies in this field. It will be evident from this overview that important 
explanations for avoidable poor nurse and patient outcomes are poor nurse work environments, fewer 
baccalaureate nurses, and less favorable nurse staffing.  
In their ground-breaking study, Needleman et al. (2002) used administrative data from 799 U.S. 
hospitals and found that higher nurse staffing is associated with shorter length of stay and lower 
complication rates (e.g. lower rates of pneumonia, upper gastrointestinal bleeding and urinary tract 
infection). Also at that moment, the International Hospital Outcomes Study (IHOS) was initiated to study 
the work settings of nurses in the U.S., Canada, England, Scotland and Germany. The IHOS showed that 
nurses across these five countries reported deficiencies in the organization of hospital nursing care, 
resulting in high levels of job dissatisfaction, burnout, intention to leave the hospital and low ratings of 
quality of care (Aiken et al., 2001). A landmark U.S. IHOS study by Aiken, Clarke, Sloane, Sochalski and 
Silber (2002) showed that nurse staffing explained variation in patient mortality across hospitals after 
controlling for patient (age, sex, surgery types, comorbidity) and hospital (size, teaching status, 
technology) characteristics. Especially patient characteristics are important for risk-adjustment (Charlson, 
Pompei, Ales, & MacKenzie, 1987; Elixhauser, Steiner, Harris, & Coffey, 1998; Silber, Rosenbaum, & Ross, 
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1995). These findings were based on data for 168 Pennsylvania hospitals and 232,342 surgical patients, of 
whom 4,535 died within 30 days of being admitted for the number of patients per nurse ranging from 4 to 
8 between hospitals. The authors estimated that 535 less patients might have died if all hospitals would 
have had a ratio of 4 patients per nurse in each hospital. A much acclaimed follow-up analysis would show 
that also the proportion of hospital nurses holding a bachelor's degree (versus coming from associate 
degree of hospital school programs) is associated to risk-adjusted patient mortality. A 10% increase in the 
proportion of nurses holding a bachelor's degree was associated with a 5% decrease in the likelihood of 
patients dying within 30 days of admission. The authors then estimated that another 190 patients less 
might have died at a ratio of 4 patients per nurse and 60% bachelor educated nurses in each hospital 
(Aiken, Clarke, Cheung, Sloane, & Silber, 2003). Similar effects of nurse staffing and education on patient 
mortality were shown in Canadian settings (Alberta and Ontario), by Tourangeau et al. (2007) and 
Estabrooks et al. (2005). Years later, a secondary data analysis of the U.S. IHOS data indicated that, next to 
nurse staffing and nurse education, also nurse work environments impact patient mortality and nurse job 
satisfaction, burnout, and intention to leave the hospital (Aiken, Clarke, Sloane, Lake, & Cheney, 2008; 
Friese, Lake, Aiken, Silber, & Sochalski, 2008). Next, in what is referred to by Wachter (2012) as the most 
methodologically rigorous study to date in this field, Needleman and colleagues (2011) examined day-to-
day and shift-to-shift variation in nurse staffing at the nursing unit level in a single hospital. They found an 
association between nurse staffing below target levels and increased patient mortality. Another key study 
in 2011 showed that both better staffing and better education have a much bigger effect on mortality in 
hospitals that have a good work environment. Nursing education was associated with better patient 
outcomes, independent of the quality of the work environment, but this effect was larger in hospitals with 
a good work environment. Likewise, staffing has a very large effect on reducing mortality in hospitals with 
a good work environment but no effect in hospitals with a poor work environment (Aiken et al., 2011). 
Next to this series of patient mortality studies, there were initiatives to link nursing to positive patient 
outcomes. Strong evidence showed that increased nurse staffing, better work environments and better 
nurse outcomes are associated to higher patient satisfaction with care in U.S. hospitals (Kutney-Lee et al., 
2009; Vahey, Aiken, Sloane, Clarke, & Vargas, 2004).  
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These North-American research findings have clearly defined points of leverage for preventing poor 
patient outcomes that are related to the organization of nursing care. Thirteen U.S. states have enacted 
legislation or adopted regulations around nurse staffing ratios (American Nurses Association, 2014b), and 
16 states have restricted mandatory overtime (American Nurses Association, 2014a). Aiken et al. (2010) 
showed that hospital minimum nurse staffing ratios mandated in California are associated with lower 
patient mortality. Also, nearly 400 hospitals in the U.S. have achieved 'Magnet status', so-called due to the 
ability to attract and retain nurses because of good work environments. These hospitals have lower levels 
of nurse job dissatisfaction and burnout (Kelly, McHugh, & Aiken, 2012) and lower levels of patient 
mortality (McHugh et al., 2013). In addition to these standards, there has been an effort to develop 
quality and safety measures linked to the adequacy of nursing care. The National Database of Nursing 
Quality Indicators (NDNQI) provides quarterly reporting of structure, process and outcome indicators to 
evaluate nursing care at the unit level (Montalvo, 2007). All measures related to nurse staffing, skill mix 
and work environment are endorsed by the National Quality Forum in its national voluntary consensus 
standards for nursing-sensitive care (National Quality Forum, 2004).  
Also in Europe, researchers that were part of the original IHOS or extensions thereof, showed 
evidence relating features in the organization of nursing care to nurse and patient outcomes. Single 
country studies in England, Belgium and Switzerland partly confirmed the direction and consistency of the 
effects found in North-American studies. English researchers examined the effects of hospital-wide nurse 
staffing levels on a series of patient outcomes and nurse wellbeing by linking cross-sectional survey data 
with discharge datasets. They compared hospitals from the upper quartile ('most favorable staffing 
levels') with hospitals from the lowest quartile ('less favorable staffing levels') and found consistently 
better patient outcomes and nurse wellbeing in hospitals from the upper quartile. Patients in hospitals in 
the upper quartile were 26% more likely to die overall than those in hospitals in the lowest quartile 
(Rafferty et al., 2007). Evidence from Switzerland relies on a single-center cohort study conducted in a 
medical intensive care unit. These authors found that lower nurse staffing is associated with increased risk 
for late-onset ventilator associated pneumonia. An association with early-onset ventilator associated 
pneumonia was not found. The authors categorized nurse staffing in four groups, the cut-off values being 
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arbitrarily the 25th, the 50th and the 75th percentile of the patient-to-nurse ratio's distribution (Hugonnet, 
Uçkay, & Pittet, 2007). Using the RICH model, which is an extension of the IHOS as mentioned in the 
previous section, other Swiss researchers found a link between rationing of nursing care and lower patient 
satisfaction, increased nurse-reported medication errors, patient falls, nosocomial infections, pressure 
ulcers, critical incidents involving patients over the previous year (Schubert et al., 2008) and patient 
mortality (Schubert, Clarke, Aiken, & de Geest, 2012). A Belgian research group (Van den Heede, Sermeus, 
et al., 2009) initially found no significant association between the acute hospital-level risk-adjusted nurse 
staffing measures and patient outcomes. To better understand the dynamics of their constructs of 
interest in acute hospitals, the authors later examined the association on the unit level using multilevel 
models. In their sample of post-operative cardiac surgery patients they showed that better nurse staffing 
and education levels are significantly associated with decreased mortality (Van den Heede, Lesaffre, et al., 
2009). Similar findings compared to the U.S. are also found in Europe for what concerns the relationship 
between worse work environments and negative outcomes for nurses, for example in Belgium (Bruyneel, 
Van den Heede, Diya, Aiken, & Sermeus, 2009; Van Bogaert, Clarke, Vermeyen, Meulemans, & Van de 
Heyning, 2009), Iceland (Gunnarsdóttir, Clarke, Rafferty, & Nutbeam, 2009) and Finland (Tervo-Heikkinen, 
Partanen, Aalto, & Vehviläinen-Julkunen, 2008). The same Finish researchers also confirmed U.S. findings 
that patients are more satisfied with better nurse staffing (Tervo-Heikkinen, Kvist, Partanen, Vehviläinen-
Julkunen, & Aalto, 2008).  
Funded under the Seventh Framework Programme of the European Commission, the Registered 
Nurse Forecasting (RN4CAST) consortium extended this line of research to a broader European context. 
The consortium brings together researchers from twelve European countries (Belgium, England, Finland, 
Germany, Greece, Ireland, the Netherlands, Norway, Poland, Spain, Sweden, Switzerland). Also included 
are the U.S. and three international cooperating partner countries from the European Union (Botswana, 
China, and South Africa). RN4CAST studies the effects of nursing workforce dynamics such as the number 
of nurse staff, skill-mix and working environment on nurse wellbeing and patient outcomes (Sermeus et 
al., 2011). A full overview of the sampling design and instrumentation is given in Chapter 2.  
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A first major report from the RN4CAST study linked nurses' reports on the characteristics of their 
work setting to patients' experiences with hospital care. Findings showed that nurses who reported better 
working conditions (work environment, staffing) also had patients who were more satisfied with their 
hospital stay. There was also large agreement between nurses and patients as to which hospitals provided 
good care. This association was shown repeatedly in all countries (Aiken et al., 2012). This report also 
confirmed associations between better work environment, better staffing, and better nurse outcomes. A 
secondary data analysis by Heinen et al. (2013) studied the specifics of this relationship with regards to 
nurses' intention to leave the hospital, showing that particularly the following system level factors are 
associated with intention to leave: nurse-physician relations, leadership, and participation in hospital 
affairs. Also in the South African sub study of RN4CAST it was the practice environment that mainly 
influenced nurses' intention to leave, job dissatisfaction, burnout, and several nurse-perceived quality 
outcomes (Coetzee, Klopper, Ellis, & Aiken, 2013). Findings from the Chinese branch of the RN4CAST study 
showed that better hospital work environments and having a higher proportion of bachelor-prepared 
nurses were significantly associated with patients' willingness to recommend the hospital and patients 
rating hospitals highly. There was no association between higher patient-to-nurse ratios and outcomes of 
patient satisfaction (You et al., 2013).  
A second major RN4CAST report underlined the association between the same nurse setting 
characteristics and hospital discharge data from 422,730 surgical patients. This study demonstrated that 
every one patient increase in patient to nurse ratios was associated with a 7% increase in deaths, while 
having a better educated nurse workforce is associated with fewer deaths. Every 10% increase in 
bachelor's degree nurses is associated with a 7% decline in mortality (Aiken et al., 2014) 
A third multicountry RN4CAST analysis worth mentioning, especially because of its contribution to 
building theory, is work that includes the concept of missed nursing care. The aspect of missed care 
closely relates to Schubert's previously introduced concept of rationing of care. Another term that has 
been used interchangeably is nursing care left undone (Aiken et al., 2001). All three notions point to the 
omission of necessary nursing care. RN4CAST researchers theorized that missed nursing care underlies the 
relationship between the organizational context of nursing and nurse and patient outcomes. This idea was 
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modeled partly, showing that less care is being omitted in hospitals with a more favorable work 
environment, lower patient to nurse ratios and lower proportion of nurses frequently carrying out non-
nursing tasks (Ausserhofer et al., 2013). The idea of including the amount of non-nursing tasks in this 
model is also new, although it had already been measured and reported in the original IHOS (Aiken et al., 
2001). Findings on the effect of staffing and work environment on missed nursing care are in line with 
Schubert's findings and confirm U.S. (Kalisch, Tschannen, & Lee, 2011) and Lebanese (Kalisch, Doumit, 
Lee, & Zein, 2013) country reports on the antecedents of omission of nursing care that were reported 
around the same time. 
In conclusion, although the evidence at a certain point in time stemmed predominantly from U.S. 
research – which limited the policy impact in Europe – it is no longer in dispute that findings linking 
nursing to patient outcomes are universal. The RN4CAST study quantified in a European setting the core 
logic of previous U.S. research linking nursing to patient outcomes. These study findings pave the way for 
a renewed discussion on the professional profile of nursing in Europe. The next section describes research 
objectives to further advance this field of research.  
1.4 Research objectives 
The objectives of this PhD study are in many ways an innovative extension of the RN4CAST study. 
This will be accomplished in four thematic chapters that transcend the boundaries of nursing research 
through the introduction of advanced statistical concepts. The first part of this PhD study is energized by a 
strong intent to bridge theory articulation and empirical testing: newly theorized concepts in nursing 
outcomes research are studied (Chapter 3); hypotheses are set at multiple systems levels (Chapter 4); and 
a deeper and more nuanced analysis of mere direct relations is explicated (Chapter 5). In the second part 
of this PhD study, it is evaluated how key concepts of nursing organization are similar or different in 
meaning and measurement across nurse characteristics and management level (Chapter 6). The extent to 
which respondents across groups perceive and interpret the content of survey items in the same way, is 
called measurement invariance (Horn & McArdle, 1992). The remainder of this section presents the 
specific research objectives of this PhD study. Coupled with these objectives are the multifaceted 
1. General introduction 
15 
 
RN4CAST study design and a number of advanced statistical methods. These are explained in detail in 
Chapter 2. 
1.4.1 Bridging theory articulation and empirical testing: research objectives 
Research objective 1: To describe variation between and within countries in nurses' reports on tasks 
below their skill level, taking into account nurse-level information of migratory status.   
In Chapter 3, we use the RN4CAST study data to describe variability across countries and hospitals 
within countries in nurses' reports of having performed tasks below their skill level. As noted in the 
previous section, RN4CAST has evidenced that this factor is of importance in theories linking nursing to 
outcomes. Anecdotal evidence suggest that nurses migrating from developing to developed countries 
may be at greater risk of practicing below their knowledge and skill levels. We therefore take a particular 
focus on comparing reports from domestically trained and foreign trained on having performed tasks 
below their skill level. Using a three-level hierarchical model that accounts for the clustering of nurses 
within hospitals and within countries, we estimate the overall effect (i.e. over all countries) of nurses' 
migratory status on performing tasks below skill level. We evaluate the consistency of this effect across 
countries. 
Research objective 2: To explore the effect of the nursing unit, hospital, and country level variability on 
the relationship between dimensions of nurses' work environment and dimensions of burnout. 
The RN4CAST study presents an opportunity to study knowledge of variation (cf. Deming's SoPK) at 
several systems levels: countries, hospitals and nursing units. Our second research objective specifically 
relates to recommendations for studying relations across multiple hierarchies as suggested by SEIPS 2.0 
(Holden et al., 2013). This is essential to design system level-specific interventions as recommended by 
Vincent and collaborators (1998). In clinical terms, the question asked in Chapter 4 is 'at which level of the 
system certain associations are most pronounced?'. Two studies that examined the effect of nurse 
staffing on patient mortality found an association at the nursing unit level but not at the hospital level 
(Sales et al., 2008; Van den Heede, Lesaffre, et al., 2009). Both argued that nurse staffing can be very 
dissimilar across nursing units within the same hospital. These findings resulted from separate hospital 
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and nursing unit level analyses. We will apply a multilevel approach to theory and research on the impact 
of the organization of nursing care on nurse wellbeing. We investigate the effect of the nursing unit, 
hospital, and country level variability on the relationship between three dimensions of nurses' work 
environment and three dimensions of burnout. The outcomes of interest, i.e. the three burnout 
dimensions, take place at the individual level. System-level work environment dimensions are 
conceptualized to influence these level-one outcomes. The final model is a three-variate four-level probit 
model in which we modeled the work environment and burnout dimensions jointly. 
Research objective 3: To empirically test previously and newly theorized mediation and moderation 
effects in the relationship between nursing organization of care and patient outcomes. 
In Chapter 5, we ask questions that focus on explaining why and how associations are observed, as 
suggested by Nursing Services Delivery Theory: "Which mechanisms of the system underlie the relations 
between explanatory and outcome variables, and at which level?", and "Which personal or system-level 
factors affect associations?". We hypothesize that lower hospital patient-to-nurse ratios, more positive 
nursing work environments and a lower proportion of nurses performing non-nursing tasks positively 
affect the amount of missed care, which in turn positively affects patients' experiences with care. In 
addition, we hypothesize that the effects of lower patient-to-nurse ratios and better nurse work 
environment on missed care decrease as nurse education levels increase. This implies a multilevel 
moderated mediation analysis.  
1.4.2 Measurement invariance evaluation: research objectives 
Research objective 4: To evaluate within-country measurement invariance of nurse work environment 
measures, and examine ways in which individual propensities explain possible non-invariance.  
Chapter 6 involves an evaluation of measurement invariance for various individual propensities 
simultaneously, including nurses' function (manager, frontline worker) and language (French, Dutch) 
among others. This evaluation takes place in the form of a two-level multiple indicators multiple causes 
(MIMIC) model with covariates at the individual nurse and nursing unit level. 
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The aim of this Chapter is to create a good understanding of the study data and statistical 
techniques that will be used to answer the objectives of this PhD study. The first section presents an 
overview of the RN4CAST study design. The second section gives a concise overview of the various 
statistical techniques that are applied in a multilevel analytic framework in this PhD study. 
2.1 RN4CAST study design 
RN4CAST was funded under the European Commission's Seventh Framework Programme (FP7) 
from 2009 to 2011. The study was initiated with the idea that effective nursing workforce strategies could 
enhance the performance of health care organizations and health (Sermeus et al., 2011).  With firm 
evidence at hand from the U.S., RN4CAST used a pool of well-known and extensively-validated tools, 
supplemented with recent measures that are important for evaluating nurses' roles in patient care. The 
core battery of survey items that were found to be important in earlier research (Aiken, Clarke, Sloane, et 
al., 2002; Aiken et al., 2001, 2003, 2008; Kutney-Lee et al., 2009) served as starting point for RN4CAST.  
The study was led by the Katholieke Universiteit Leuven (Belgium) and the University of 
Pennsylvania School of Nursing (U.S.). Protocol harmonization, instrument development, and data 
collection were carried out during the first half of the funding period. The second half was devoted to 
statistical analyses and communication of research findings. New study findings continue to be 
disseminated even though FP7 funding has come to an end.  
2.1.1 Setting and sample 
The RN4CAST research consortium proposed a cross-sectional study design to evaluate the impact 
of nursing resources on patient outcomes in hospitals. RN4CAST protocol harmonization is described in 
detail by Sermeus and colleagues (2011). The twelve participating European countries (Belgium, England, 
Finland, Germany, Greece, Ireland, the Netherlands, Norway, Poland, Spain, Sweden, and Switzerland) 
reflect the diversity of health systems in Europe, ensuring a rich perspective of nursing workforce issues 
from all angles and countries. Three partners outside Europe (China, Botswana and South Africa) provide 
additional perspectives. In each participating country in Europe at least 30 general acute hospitals were 
sampled as primary sampling units, although most countries have more and the Netherlands has fewer. 
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Next, in each of the selected hospitals, general medical and surgical nursing units (at least 2 per hospital) 
were randomly selected. As described in the next section, nurse and patient data were collected on these 
nursing units. The type of study data that emerged from RN4CAST are thus of a complex four-level nature 
as imposed by the naturally occurring dependencies as well as the study design: patients and nurses (level 
1) are clustered in nursing units (level 2) within hospitals (level 3) within countries (level 4).  
2.1.2 Instruments and measures 
Data were obtained via nurse, patient and organizational surveys and via routinely collected 
hospital discharge data. The core variables are displayed in Table 2.1 and will be clarified in the next 
sections. All data sources can be linked via common identifiers at the country, hospital and nursing unit 
level. Each grantee organization in the participating countries received ethical approval at the institutional 
level to do nurse surveys, patient surveys and analyze administrative data for patient outcomes. Country 
level approval to acquire and analyze patient outcomes data was also obtained.  
Table 2.1 Core variables collected in the RN4CAST study 
Variable Measure  Source 
Patient outcomes   
Mortality  30-day in-hospital mortality Patient discharge 
Satisfaction Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS) Patient survey 
   
Nurse outcomes   
Burnout  Maslach Burnout Inventory Nurse survey 
Job Satisfaction  Single item Nurse survey 
Intent to Leave Single item Nurse survey 
   
Nursing system delivery strategies   
Nurse Staffing Average number of patients cared for during last shift Nurse survey 
Nurse Practice Environment Practice Environment Scale of the Nursing Work Index (PES-NWI) Nurse survey 
Nurse education Proportion of bachelor-prepared nurses  Nurse survey 
Skill mix Nurses to total nursing staff ratio Nurse survey 
Tasks below skill level Investigator-developed Nurse survey 
   
Process of nursing care   
Necessary nursing tasks left undone Investigator-developed Nurse survey 
   
Risk-adjustment   
Comorbidity Based on Charlson Comorbidity Index Patient discharge 
Patient chacteristics Age, sex, type of admission Patient discharge 
Patient chacteristics Educational level, self-rated health Patient survey 
Nurse characteristics Age, sex, years of experience, degree, migratory status Nurse survey 
Hospital characteristics  Bed size, technology, teaching status  Organizational survey   
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2.1.2.1 Nurse survey 
The nurse survey (self-administered paper questionnaires) included all staff nurses involved in 
direct patient care activities. Nurses were defined in each country as those meeting the European Union 
definition of trained and licensed nurses according to directive 2005/35/EC. The nurse survey has two 
main purposes. The first is to measure, within and across countries, characteristics of the hospital nurse 
workforce, nurses' future employment intentions, and of nurses' perspectives on quantity and quality of 
care. The second is to allow the creation of systems level measures of staffing and working conditions for 
nurses through aggregation of responses from nurses working in each institution (or nursing unit). 
Nurse education is created from the survey at the institution (or subspecialty) level by calculating 
the percentage of nurses with a bachelor degree or higher.  
Measuring the complexity of organizational support for nursing care required the development of a 
rigorous instrument. A large number of instruments are available (Lake, 2007), but the Practice 
Environment Scale of the Nursing Work Index (PES-NWI) (Lake, 2002), is most frequently used worldwide. 
It is endorsed by the U.S. National Quality Forum (2004) in its national voluntary consensus standards for 
nursing-sensitive care. It was recently identified as one of the strongest instruments available to conduct 
international comparisons of organizational work factors among hospital nurses due to its robust content, 
construct, discriminant, and concurrent validity (Warshawsky & Havens, 2011). This instrument is derived 
from early U.S. research into Magnet Hospitals. These are accredited hospitals for being successful in 
attracting and retaining nurses (Kramer & Hafner, 1989; McClure, Poulin, Sovie, & Wandelt, 1983). This 
research produced the 65-item Nursing Work Index (NWI). For each item, nurses could indicate whether 
they found it important to their job satisfaction, whether they found it important to provide quality 
patient care, and whether it is present in their current job situation. The Revised Nursing Work Index 
(NWI-R) (Aiken & Patrician, 2000) comprised 57 items and only asked nurses for each item whether it is 
present in their current job. Four subscales were proposed: autonomy, control over the practice setting, 
nurse-physician relationships, and organizational support. The PES-NWI was derived from the NWI-R and 
includes 32 items for five subscales: nurse participation in hospital affairs (9 items), nursing foundations 
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for quality care (8 items), nurse manager ability, leadership, and support of nurses (4 items), staffing and 
resource adequacy (4 items), and collegial nurse-physician relations (7 items) (Lake, 2002). The nurse-
physician relationship subscale is thus the only subscale that was proposed for both the NWI-R and PES-
NWI.  
Nurse staffing is created from nurses' reports on the number of patients cared for during the last 
shift, the total number and type of nursing personnel and the total number of patients. Average patient to 
nurse ratios are calculated by dividing the number of nurses by the number of patients on the unit. Skill 
mix is the proportion of nurses to all nursing personnel.  
Nurses indicated for nine tasks below their skill level whether they had performed the following 
tasks never, sometimes, or often during their last shift: routine phlebotomy/blood draw for tests, 
transporting of patients within hospitals, performing non-nursing care, performing non-nursing services 
not available on off-hours, delivering and retrieving food trays, answering phones/clerical duties, 
arranging discharge referrals and transportation, obtaining supplies or equipment, and cleaning patient 
rooms and equipment.  
Nurses' reports on necessary nursing tasks left undone are used to get an idea of the process of 
nursing care. These include the following: adequate patient surveillance, skin care, oral hygiene, pain 
management, treatments and procedures, administering medication on time, frequently changing the 
patient's position, comfort/talk with patients, educating patients and family, preparing patients and 
families for discharge, developing or updating nursing care plans/care pathways, planning care, 
adequately documenting patient care. 
Nurse wellbeing was assessed by studying job satisfaction, intention-to-leave the hospital or the 
nursing profession, and burnout. Job satisfaction was measured with a single item measure with four 
response categories. For intention-to-leave, nurses were asked whether they intend to leave their current 
position within a year. Burnout was measured with the Maslach Burnout Inventory (MBI). This instrument 
measures three related components of work-related burnout: emotional exhaustion; depersonalization; 
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and lack of personal accomplishment; the authors do not recommend combining the three subscales into 
a single measure (Maslach & Jackson, 1981). 
Detailed information on demographic characteristics of the nurse respondents that were obtained 
from the nurse survey included highest educational attainment, gender, age, years of experience, and 
migratory status.   
The core battery of questions was translated into 10 primary languages (Dutch, German, Greek, 
French, Italian, Finnish, Norwegian, Swedish, Spanish, Polish) using the translation-back translation 
method. A translation manager was appointed to ascertain high standards of instrument translation that 
reduce item bias. Construct bias was reduced by assessing dissimilarity of constructs in the investigated 
countries through the application of content validity indexing procedures. In each country the quality of 
the translated instruments was assessed by a panel of 9-12 bilingual experts employing Content Validity 
Indexing (CVI) resulting in Scale-CVI scores between .67 and .95 for the nurse survey (Squires et al., 2013).  
In Europe, a total of 33,659 nurses participated to the survey. Response rates by country varied 
from 39% in Finland to 97% in Poland. Table 2.2 also displays the number of participating hospitals and 
nursing units in each country.  
Table 2.2 Number of participating hospitals, nursing units and nurses to the RN4CAST nurse survey 
Country Number of hospitals Number of nursing units Number of nurses Response rate 
Belgium 67 272 3,186 72.1 % 
England 46 413 2,918 39.3 % 
Finland 32 126 1,131 46.2 % 
Germany 49 199 1,508 47.0 % 
Greece 24 65 367 54.4 % 
Ireland 30 112 1,406 56.4 % 
Netherlands 28 131 2,217 68.7 % 
Norway 35 238 3,752 56.9 % 
Poland 30 119 2,605 97.3 % 
Spain 33 281 2,804 84.0 % 
Sweden 79 79 10,133 69.3 % 
Switzerland 35 134 1,632 72.2 % 
Total 488 2169 33,659 63.0% 
 
All research objectives of this PhD study draw on these nurse survey data, except for Chapter 6 
which involves a new data collection that was completed in 2013. The principles of this data collection 
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were identical to the RN4CAST study, but whereas RN4CAST only included staff nurses, this follow-up 
study also invited nurse managers to participate. Data were collected in one Belgian hospital entity with 
118 patient care units. On 87 nursing units, French and Dutch speaking nursing unit managers (n=87, 
75.0% response rate) and staff nurses (n=821, 70.8% response rate) completed survey questionnaires 
identical to those used in RN4CAST. It will be evaluated in Chapter 6 if differences in staff nurses' and 
managers' ratings of the nursing work environment, measured using the PES-NWI, represent true group 
differences, or are the consequence of non-invariant measures. 
2.1.2.2 Patient survey 
In eight out of twelve countries, a patient survey was conducted. Participating countries are 
Belgium, Finland, Germany, Greece, Ireland, Poland, Spain, and Switzerland. In some countries all the 
selected hospitals are included in the patient survey while in other countries the patient survey is only 
conducted in a selection of hospitals. A one-day census approach is used to select patients of the selected 
nursing units in the participating hospitals. 
All patients were asked to complete the 27-item Hospital Consumer Assessment of Healthcare 
Providers and Systems (HCAHPS). Only patients judged by nurses to be incapable of completing the survey 
even with help were excluded. The HCAHPS is reported as a set of ten measures (6 summary measures, 2 
single items and 2 global ratings) related to: communication with nurses and doctors, responsiveness of 
hospital staff, pain management, communication about medicines, discharge information, cleanliness and 
quietness of the hospital environment, overall rating of the hospital and willingness to recommend the 
hospital to friends and family. Demographic questions related to patients' education levels and self-rated 
health. 
The core battery of questions was translated into 7 primary languages (Dutch, Finnish, French, 
German, Greek, Italian and Polish) again using the translation-back translation method and CVI 
techniques, resulting in Scale-CVI scores between .67 and .99 (Squires et al., 2012)  
A total of 10,866 patients participated to the survey. The patient survey response rate for all 
European countries is over 70% (Table 2.3). 
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Table 2.3 Number of participating hospitals, nursing units and patients to the RN4CAST patient survey 
Country Number of hospitals Number of nursing units Number of patients Response rate 
Belgium 60 244 2,623 67.78% 
Finland 32 128 1,947 51.89% 
Germany 13 -a 262 67.18% 
Greece 24 65 847 63.49% 
Ireland 10 38 285 92.83% 
Poland 30 119 4,136 93.66% 
Spain 15 104 470 -b 
Switzerland 34 127 997 68.38% 
Total 218 825 10,866 71.36% 
a Surveys were distributed at the hospital level, b The number of distributed surveys was not tracked 
 
Patient survey data are used in combination with nurse survey data in Chapter 5, where it is 
evaluated which variables explain the association between nursing system delivery strategies and patient 
experiences with care.  
2.1.2.3 Organizational survey 
These data allow controlling the analyses for institutional differences. Hospital structural 
characteristics that are measured include teaching status (post graduate medical residents), bed size and 
technology level (services for open-heart surgery, organ transplantation, or both). 
2.1.2.4 Patient discharge data 
The nine countries and number of hospitals and patients for which discharge data are available are 
shown in Table 2.4. RN4CAST undertook an extensive process of mapping patient outcomes data across 
countries by major diagnoses, 17 co-morbidities (Charlson et al., 1987), and procedures in the case of 
surgery. The data below present the selection of general, orthopedic, and vascular surgery patients at 
least 50 years of age for whom 30-day in-hospital mortality (death within 30 days of hospital admission) is 
known. Other risk adjustment covariates collected in this study include age, sex and type of admission. 
Patient discharge data are not used in the PhD study. 
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Table 2.4 Number of hospitals and patients for which discharge data are available 
Country Number of hospitals Number of patients 
Belgium 95 88,078 
England 30 78,045 
Finland 25 27,867 
Ireland 27 19,822 
Netherlands 22 31,216 
Norway 28 35,195 
Spain 16 21,520 
Sweden 62 80,800 
Switzerland 31 40,187 
Total 300 422,730 
 
2.2 Methodological principles 
All research objectives of this PhD study aim to exploit the multilevel RN4CAST study design. An 
important condition to empirically test multilevel research questions effectively is to have a 
comprehensive theory that is aligned with an appropriate statistical analysis (Corley & Gioia, 2011; Klein, 
Dansereau, & Hall, 1994). The absence of such alignment is a general concern in nursing health services 
research (Griffiths, 2009; Levy, Landerman, & Davis, 2011a; Mark, Hughes, & Jones, 2004; Mark, 2006; 
Julie Sochalski, 2004). Contrary to the level of theory, the statistical level of analysis in this field has been 
largely restricted to act as if the phenomena and relations occur at one level only. This seems to be a 
limitation in patient safety research in general. In his critical review of the systems approach within 
patient safety research, Waterson (2009) was surprised by the lack of studies performing multiple level 
analyses. He saw as one possible explanation the fact that these types of studies require the use of 
specialist statistical techniques, and called for patient safety researchers to urgently overcome this issue. 
A multiple levels systems perspective indeed brings with it some methodological challenges. Multiple 
levels induce correlation of subjects within levels. That is, explanatory or outcome variables of subjects 
within the same cluster of a certain level of the system can be expected to be correlated. This can be the 
result of interaction processes and dynamics, a shared collective climate, and exposure to homogeneous 
contextual constraints and common organizational features, events and processes (Klein et al., 1994). 
Neglecting in the analysis the correlation that the four-level RN4CAST data structure induces can be 
problematic since the fundamental independence assumption underlying many commonly used statistical 
techniques would be violated. Multilevel models on the other hand acknowledge this clustered structure. 
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The multilevel modeling techniques that are used in this PhD study are briefly explained below. Complete 
specification of the models (e.g. assumptions about normality) is given in the respective chapters. 
2.2.1 A basic multilevel model 
This section is largely based on the notions advanced by Goldstein and colleagues (Goldstein, 
Browne, & Rasbash, 2002; Goldstein & McDonald, 1988; 1986, 1991). 
Equation 2.1 shows a single-level linear regression model, which represents a relationship between 
an explanatory variable x and an outcome y: 
ݕ௡ ൌ ߚ଴ ൅ ߚଵݔ௡ ൅ ݁௡, (2.1) 
where n is the index for nurses. ߚ is a regression parameter. ߚ଴ is the intercept, which equals the 
mean of y when x equals zero.ߚଵ is the slope, which is the coefficient for the explanatory variable x, 
showing how the outcome variable y changes with x. ߚ଴ and ߚଵrepresent the fixed part of the model. ݁௡ 
is the random part and is also called the residual. When the model is correctly specified its mean equals 
and one observes no patterning of the residuals in a x-y plot of the residuals versus x. Often it is assumed 
that there is constant variability, i.e. ݁௡ has the same variance for different values of x and y. It is also 
often assumed that the residual has a normal distribution, and hence this holds also for the outcome. 
Next, suppose that nurses are clustered within hospitals. This is presented as follows: 
ݕ௡௛ ൌ ߚ଴௛ ൅ ߚଵݔ௡௛ ൅ ݁௡௛, (2.2) 
where h is the index for hospitals. Let ynh be a normally distributed response, representing the nth nurse 
within the hth hospital. There now is a differential effect associated with the hospital. In other words, for 
any given value of x, the predicted level of y differs between the hospitals. This is called level 2 variation. 
Here, the regression coefficient remains constant. Because of this differential effect, intercept ߚ଴ in 
Equation 2.2 is indexed and can be looked at as follows: 
ߚ଴௛ ൌ ߚ଴ ൅ ݑ଴௛, (2.3) 
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where the group-dependent intercept ߚ଴௛ is split into an average intercept ߚ଴ and the group dependent 
deviation ݑ଴௛.This intercept variation is assumed to be random. This equation is referred to as the macro-
model of a random intercepts model. It specifies the between-hospital part of the model. Equation 2.2 is 
the micro-model, specifying the within-hospital part of the model, i.e. the nurse level. Substituting the 
macro-model into the micro-model yields: 
ݕ௡௛ ൌ ߚ଴ ൅ ߚଵݔ௡௛ ൅ ݑ଴௛ ൅ ݁௡௛, (2.4) 
where ߚ଴ and ߚଵrepresent the fixed part, ݑ଴௛ is the random part at level 2, and ݁௡௛ is the random part at 
level 1. 
Now suppose that the slopes are also allowed to be group-dependent. Equation 2.5 presents the 
macro-model of random slopes. 
ߚଵ௛ ൌ ߚଵ ൅ ݑଵ௛ǡ (2.5) 
where the group-dependent slope ߚଵ௛ is split into an average slope ߚଵ and the group dependent deviation 
ݑଵ௛. Substituting this macro-model into Equation 2.4 yields: 
ݕ௡௛ ൌ ߚ଴ ൅ ߚଵݔ௡௛ ൅ ݑ଴௛ ൅ ݑଵ௛ݔ௡௛ ൅ ݁௡௛ǡ (2.6) 
where variation in y for nurses n in hospitals h is a function of x, a differential effect associated with 
hospitals, and a differential effect for x in relation to hospitals. ߚ଴ and ߚଵrepresent the fixed part , ݑ଴௛ 
and ݑଵ௛  present the random part at level 2, and ݁௡௛ is the random part at level 1. 
2.2.2 A three-level random intercept model 
In Chapter 3, we study the effect of individual nurses' migratory status on their reports on tasks 
below their skill level performed during their last shift, taking into account the clustering of nurses within 
hospitals within countries deploying a three-level random intercept model. This gives the following 
equation for the macro level: 
ߚ଴௛௖ ൌ ߚ଴ ൅ ݑ଴௖ ൅ ݑ଴௛௖ ൅ ݁௡௛௖, (2.7) 
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where n is the index for nurse (level 1), h is the index for hospital (level 2) and c is the index for country 
(level 3). ݑ଴௖  is the random effect at the country level, an allowed-to-vary departure from the grand 
mean. ݑ଴௛௖ is the random effect at the hospital level, a departure from the country effect.݁௡௛௖ is the 
random effect at the nurse level, a departure from the hospital effect within a country. 
2.2.3 A four-level model with covariates at multiple levels 
In Chapter 4, the model is extended by formulating hypotheses on the effects of explanatory 
variables at multiple levels simultaneously. Thus looking into the question whether certain associations 
(interventions) might be strongest (most effective) at either the country, hospital or nursing unit level. For 
a model with one explanatory variable included at multiple levels, this yields: 
ݕ௡௨௛௖ ൌ ߚ଴ ൅ ߚଵݔ௨௛௖ ൅ ߚଶݔ௛௖ݑ଴௝ ൅ ߚଷݔ௖ ൅ ݑ଴௖ ൅ ݑ଴௛௖ ൅ ݑ଴௨௛௖ ൅ ݁௡௨௛௖ǡ (2.8) 
where n is the index for nurse (level 1), u is the index for nursing unit (level 2), h is the index for hospital 
(level 3) and c is the index for country (level 4). ݑ଴௖, ݑ଴௛௖ and ݑ଴௨௛௖ can be interpreted similarly to the 
explanation given for Equation 2.7. Complete specification and multivariate extensions to this model are 
described in Chapter 4. 
2.2.4 Multilevel mediation, moderation, and moderated mediation. 
In Chapter 5, our research objectives relate to answering questions on the mechanisms underlying 
relations ('why'-question) and the conditions under which investments are likely to be most effective 
('how'-question). In technical terms, these are called statistical tests of mediation and moderation 
respectively. Mediators illuminate the mechanisms that explain why associations can be observed. 
Moderators are contextual factors that define the conditions under which such associations can be 
predicted (Baron & Kenny, 1986; James & Brett, 1984). Although such effects have long been 
hypothesized, statistical tests have remained notably absent in nursing research, both in single-level and 
multilevel analyses. Building on the single-level linear regression model (Equation 2.1), the equations for a 
single-level mediation model equal: 
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ݕ௡ ൌ ߚ଴ ൅ ߚ௖ݔ௡ ൅ ݁௡ 
ݕ௡ ൌ ߚ଴ ൅ ߚ௖ᇱݔ௡ ൅ ߚ௕݉௡ ൅ ݁௡, 
(2.9) 
where ߚመ௖ െ ߚመ௖ᇱ equals the mediated effect as the extent to which the mediator ݉௡accounts for the 
relationship between the initial explanatory variable ݔ௡ and outcome variable ݕ௡. 
Alternatively, keeping the first part of Equation 2.9 as is, the mediated effect can be estimated 
from: 
݉௡ ൌ ߚ଴ ൅ ߚ௔ݔ௡ ൅ ݁௡,  
and taking the product ߚመ௔ߚመ௕, where ߚመ௔ߚመ௕ ൌ ߚመ௖ െ ߚመ௖ᇱ. 
The equation for a single-level moderation model equals: 
ݕ௡ ൌ ߚ଴ ൅ ߚଵݔ௡ ൅ ߚଶݖ௡ ൅ ߚଷݔ௡ݖ௡ ൅ ݁௡, (2.10) 
where ߚଵ is the coefficient for the explanatory variable x, ߚଶ is the coefficient for the moderator x, ߚଷ is 
the coefficient for the interaction term ݔݖ. ߚଵ shows how the outcome y changes with x when z equals 
zero. ߚଶ shows how y changes with z when x equals zero. ߚଷ shows whether there is moderation of the 
relationship between x and y. 
Statistical techniques and practical examples of (multilevel) mediation, moderation and moderated 
mediation models have recently been extensively discussed in the organizational sciences (Bauer, 
Preacher, & Gil, 2006; Edwards & Lambert, 2007; Fairchild & Mackinnon, 2010; Krull & MacKinnon, 2001; 
Preacher, Rucker, & Hayes, 2007; Z. Zhang, Zyphur, & Preacher, 2009). Chapter 5 will describe multilevel 
moderated mediation in full detail. In this introductory chapter, multilevel mediation models are 
described. Krull and MacKinnon (2001) labeled the various structures that multilevel mediation models 
can take. Suppose for nurses n clustered in hospitals h: 1) a 1Æ1Æ1 model, in which the initial covariate 
(ݔ௡௛), the mediator (݉௡௛) and the outcome (ݕ௡௛) are all analyzed at the lowest level; 2) a 2Æ1Æ1 model, 
in which the initial covariate (ݔ௛) is operationalized at a higher level, i.e. the hospital level; and 3) a 
2Æ2Æ1 model, in which both the initial covariate (ݔ௛) and the mediator (݉௛) are at a higher level. In 
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Chapter 5 of this PhD study, a 2Æ2Æ1 model is used. Reformulating the single-level mediation model in 
Equation 2.9 to a 2Æ2Æ1 model yields the following micro-models and macro-models: 
ݕ௡௛ ൌ ߚ଴௛ ൅ ݁௡௛ 
ݕ௡௛ ൌ ߚ଴௛ ൅ ݁௡௛ 
ߚ଴௛ ൌ ߚ଴ ൅ ߚ௖ݔ௛ ൅ ݑ௢௛ 
ߚ଴௛ ൌ ߚ଴ ൅ ߚ௖ᇱݔ௛ ൅ ߚ௕݉௛ ൅ ݑ௢௛ 
(2.11) 
The same logic applies to reformulating Equation 2.10: 
݉௛ ൌ ߚ଴ ൅ ߚ௔ݔ௛ ൅ ݁௛, (2.12) 
Using simulation models on survey research examples with clustered data, Krull and MacKinnon 
(2001) showed that single-level mediation models underestimate the standard error of the mediated 
effect. The standard errors from the multilevel mediation model were on the contrary generally accurate.  
To clarify the 2Æ2Æ1 model, we give two concrete examples. First, in their study on 
transformational leadership and impact on team performance and individuals' job satisfaction, Braun and 
colleagues (2013) hypothesized a 2Æ2Æ1 model in which transformational leadership influences trust in 
the team, which in turn affects job satisfaction. Transformational leadership and trust in the team were 
measured at the individual level using multidimensional survey instruments, but were aggregated to the 
team level. Trust in the team did not mediate the relationship transformational leadership and job 
satisfaction. Second, Meunier et al. (2013) hypothesized that shared family risks impact a child's 
behavioral outcomes, and that this effect is mediated by differential parenting. Behavioral outcomes 
included aggression, attention, emotional problems and social relationships. All four outcomes were 
measured using multiple item research scales. Differential parenting was both self-reported as well as 
observed by the researchers. A cumulative risk index was used to asses family risk, and included the 
mothers' educational level, maternal depression, maternal history of physical and sexual abuse, 
organization of safety, and family type. Up to four children per family were included in a sample of 397 
families. The association between child level variables (outcomes) and family level variables (family risks 
(initial covariate) and differential parenting (mediator)) was modeled using a 2Æ2Æ1 multilevel 
mediation analysis. Findings confirmed the hypothesis. 
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2.2.5 Multilevel structural equation models 
Structural equation modeling (SEM) is 'a statistical method that includes the estimation of models 
with regressions among continuous latent variables or factors' (Muthén & Muthén, 2012). Latent 
variables 'generally correspond to hypothetical structures or factors, which are explanatory variables 
presumed to reflect a continuum that is not directly observable'. Observed variables on the other hand 
are data that are directly collected and entered into the data file. Observed variables are also called 
manifest variables (Kline, 2011). Mediation and moderation analyses are often viewed as a simple case of 
SEM where all variables are manifest variables. The general notation of SEM (Muthén & Asparouhov, 
2008) expresses a measurement model (Equation 2.13) and a structural model (Equation 2.14) as 
explained by Preacher, Zyhpur and Zhang (2010): 
ࢅ௡ ൌ ࢜ ൅ Ꮙࣁ௡ ൅ ۹܆࢔ ൅ ࢿ௡ǡ (2.13) 
where n is the index for nurses. ࢅ௡ is a p-dimensional vector of observed variables. ࢜ is a p-dimensional 
vector of variable intercepts. ࢿ௡ is a p-dimensional vector of error terms. Ꮙ is a p ൈ m loading matrix, 
where m is the number of random effects (latent variables). ࣁ௡ is an m ൈ 1 vector of random effects. ۹ is 
p ൈ q  matrix of slopes for the q exogenous covariates in ܆࢔.  
ࣁ௡ ൌ ࢻ ൅ ۰ࣁ௡ ൅ ʒ܆࢔ ൅ ࣈ௡ǡ (2.14) 
where ࢻ is an m ൈ 1 vector of intercept terms. ۰ is an m ൈ m matrix of structural regression parameters. 
ʒ is m ൈ q matrix of slope parameters for exogenous covariates, and ࣈ௡ is an m-dimensional vector of 
latent variable regression residuals.  
Among survey researchers, there is a growing appreciation for multilevel SEM (Asparouhov & 
Muthén, 2012). Preacher, Zyhpur and Zhang (2010) described how SEM combines with multilevel models. 
In this example, variables and parameter matrices of Equations 2.13 and 2.14 are indexed with h, 
indicating the clustering of nurses in hospitals. In addition, the multilevel part is taken into account in the 
level 2 structural model: 
ࣁ௛ ൌ ࣆ ൅ ۰ࣁ௛ ൅ ઻܆ࢎ ൅ ࣈ௛ (2.15) 
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2.2.6 Evaluating measurement invariance 
In this PhD study, we address the relevance of (multilevel) SEM models in survey research by 
studying measurement invariance. Measurement invariance pertains to the extent to which respondents 
across groups perceive and interpret the content of survey instrument items in the same way (Horn & 
McArdle, 1992). Measurement non-invariance could result in erroneous inferences, possibly serious 
enough to result in incorrect interpretation of the findings. Lack of measurement invariance is also 
referred to as differential item functioning (DIF). Not being cautious towards DIF could, therefore, lead to 
incorrect research conclusions and implications. Measurement invariance is predominantly studied in a 
structural equation modeling framework. By applying progressively more stringent cross-group equality 
constraints, researchers can study various hierarchical degrees of measurement invariance (Meredith, 
1993). Three types of invariance are commonly examined by researchers in their analyses: configural, 
metric, and scalar invariance. Configural invariance pertains to identical factor structures across groups, 
but does not require invariant parameter estimates across groups. That type of invariance only indicates 
that the same concepts are measured across groups, yet scores are not comparable. Metric invariance 
refers to the equality of factor loadings across groups; thus, mean-corrected scores can subsequently be 
compared across groups. Scalar invariance, however, requires equality of intercepts (thresholds for 
ordered categorical indicator scores) across groups and allows for full score cross-group comparisons. By 
testing the equality of parameters of the measurement models for the respective comparison groups, 
researchers can study the comparability of measurements. Two analytical approaches are generally 
applied to address the issue of measurement in a structural equation modeling framework: multiple 
indicators multiple causes modeling (MIMIC) and multiple group confirmatory factor analysis (MGCFA). 
Both allow survey researchers to jointly study measurement invariance. Finch and French (2011) showed 
the importance of accounting for the hierarchical nature when applying a MIMIC model. From their 
simulation study, the authors concluded that in the case of data sampling using a hierarchical framework, 
researchers should consider this multilevel structure and also include variables that explain measurement 
non-invariance at both the within and between level. Actual applications of measurement invariance 
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evaluation in a multilevel analytical framework are scarce. Chapters 6 and 7 present a study of 
measurement invariance in a multilevel context using both MIMIC and MGCFA modeling techniques. 
2.2.7 Bayesian statistics 
Important to denote is that Bayesian instead of frequentist methods are used in three of four 
thematic chapters (Chapters 4 to 6). An introductory note on concepts of Bayesian analysis is given below. 
It is largely based on B.O. Muthèn & Asparouhov's (2012) groundbreaking work on Bayesian structural 
equation modeling. 
Conventional frequentist statisticians view parameters as being fixed. Bayesian statisticians on the 
other hand view parameters as variables that can have a prior distribution. This is because, often before a 
study is conducted, researchers already have some prior notion of the value of the parameter. Ideally, this 
prior notion is based on accumulating evidence resulting from prior studies. Priors thus allow researchers 
to bring in information in the model not only from the data, but from a prior notion. The combination of 
data with a prior results in a posterior, which gives the Bayesian estimate. Important to note is that priors 
can be noninformative (also called diffuse) or informative. Non-informative priors have a large prior 
variance. Therefore the maximum likelihood estimate from a frequentist approach and the Bayesian 
estimate will be very similar. The stronger the prior information, the narrower the variance and the more 
likely it is that the Bayesian and frequentist approach produce different results. Confirmatory factor 
analysis, which belongs to the family of structural equation models, can be seen as classic example of 
using priors. This technique allows researchers to summarize many manifest items into a small number of 
latent variables. Every manifest item only loads to the factor or factors it was hypothesized to measure, 
and has zero loadings on the other factors. The idea of zero loadings on other factors represents a strong 
prior, with mean zero and variance zero. This assumption might not be realistic, and priors can be used  to 
specify loadings on other factors by including some variation (Muthén & Asparouhov, 2012). The use of 
informative priors in confirmatory factor analysis will be demonstrated in Chapter 6, in which 
measurement invariance across nurse managers and staff nurses is evaluated. Estimation and model fit 
evaluation are repeatedly explained in Chapters 4 to 6. 
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The philosophy of a prior distribution originates from Thomas Bayes' theorem (1763):  
ܲሺܤȁܣሻ ൌ ௉ሺ஺ȁ஻ሻ௉ሺ஻ሻ
௉ሺ஺ሻ
, (2.16) 
where P(A) and P(B) are the probabilities of events A and B respectively. P(B|A) is the probability of B 
given A, and P(A|B) is the probability of A given B. The theorem is derived from probability theory in 
which ܲሺܣǡ ܤሻ ൌ ܲሺܣȁܤሻܲሺܤሻ ൌ ܲሺܤȁܣሻܲሺܣሻ. In modeling terminology, replacing A by data and B by 
parameter values, this yields (Muthén & Asparouhov, 2012): 
ሾ݌ܽݎܽ݉݁ݐ݁ݎݏȁ݀ܽݐܽሿ ൌ
ሾ݀ܽݐܽȁ݌ܽݎܽ݉݁ݐ݁ݎݏሿ ൈ ሾ݌ܽݎܽ݉݁ݐ݁ݎݏሿ
݀ܽݐܽ
 (2.17) 
Given that ሾ݀ܽݐܽȁ݌ܽݎܽ݉݁ݐ݁ݎݏሿ ൌ ݈݈݄݅݇݁݅݋݋݀ and ݌ܽݎܽ݉݁ݐ݁ݎݏ ൌ ݌ݎ݅݋ݎ, this yields:  
ሾ݌ܽݎܽ݉݁ݐ݁ݎݏȁ݀ܽݐܽሿ ൌ
݈݈݄݅݇݁݅݋݋݀ ൈ ݌ݎ݅݋ݎ
݀ܽݐܽ
 (2.18) 
Finally, replacing ሾ݌ܽݎܽ݉݁ݐ݁ݎݏȁ݀ܽݐܽሿwith ݌݋ݏݐ݁ݎ݅݋ݎ, yields: 
݌݋ݏݐ݁ݎ݅݋ݎ ן ݈݈݄݅݇݁݅݋݋݀ ൈ ݌ݎ݅݋ݎ, (2.19) 
where ן means proportional to (Muthén & Asparouhov, 2012). 
Criticasters of Bayesian analysis see subjectivity in determining the prior as one of the major 
drawbacks of this approach. In Chapter 6, where informative priors are used, we will discuss the impact of 
varying the prior findings on our study findings, as suggested by Muthén & Asparouhov (2012). 
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Abstract 
Background: Several researchers concluded that the use of nurses' time and energy is often not 
optimized. Given widespread migration of nurses from developing to developed countries, it is important 
for human resource planning to know whether nursing education in developing countries is associated 
with more exaggerated patterns of inefficiency. 
Objectives: First, to describe nurses' reports on tasks below their skill level. Second, to examine the 
association between nurses' migratory status (domestically trained nurse or foreign trained nurse from a 
developing country) and reports on these tasks. 
Methods: The Registered Nurse Forecasting Study used a cross-sectional quantitative research design to 
gather data from 33,731 nurses in 486 hospitals in 12 European countries. Here, nurse-reported 
information on migratory status and tasks below their skill level performed during their last shift was 
used. Random effects models estimated the effect of nurses' migratory status on reports of these tasks. 
Results: 832 nurses were trained in a developing country (2.5% of total sample). Across countries, a high 
proportion of both domestically trained and foreign trained nurses from developing countries reported 
having performed tasks below their skill level during their last shift. After adjusting for nurses' type of last 
shift worked, years of experience, and level of education, there remained a pronounced overall effect of 
being a foreign trained nurse from a developing country and an increase in reports of tasks below skill 
level performed during the last shift. 
Conclusion: The findings suggest that there remains much room for improvement to optimize the use of 
nurses' time and energy. Special attention should be given to raising the professional level of practice of 
foreign trained nurses from developing countries. Further research is needed to understand the influence 
of professional practice standards, skill levels of foreign trained nurses from developing countries and 
values attached to these tasks resulting from previous work experiences in their home countries. This will 
allow us to better understand the conditions under which foreign trained nurses from developing 
countries can optimally contribute to professional nursing practice in developed country contexts. 
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3.1 Background 
System-level interventions like increasing nurse staffing and creating superior work environments 
have been associated with improved patient safety outcomes and a higher degree of nurse wellbeing 
(Aiken et al., 2012; Kelly et al., 2012). Also central to the efficient structuring of nurses' work is optimizing 
the use of their time and effort. When asked about their last shift however, nurses across three countries 
(U.S., Canada, Germany) consistently reported high percentages of non-nursing tasks performed, 
including transporting of patients, delivering or retrieving of food trays, and performing of housekeeping 
activities. At the same time, they reported many nursing tasks that were necessary but left undone 
because they lacked the time to complete them (Aiken et al., 2001). Al-Kandari and Thomas (2009) used 
the list of non-nursing tasks from the study of Aiken and colleagues among 780 Kuwaiti nurses. Increased 
non-nursing task workload was positively correlated to incompletion of nursing activities. Two recent 
time-and motion studies found that nurses spent considerable amounts of time in non-nursing activities. 
A 36-hospital time-and-motion study found that activities considered by nurses to be 'waste' (waiting, 
looking, retrieving, and delivering) consumed 6.6% of reported time per 10-h shift (Hendrich, Chow, 
Skierczynski, & Lu, 2008). Another time-and-motion study showed that nurses spent 9.0% of their time 
during their last shift on non-nursing tasks, including replenishing charts and forms, tidying up rooms, 
making beds, answering phones, searching for people, gathering linen, and answering call bells 
(Desjardins, Cardinal, Belzile, & McCusker, 2008). 
The employment of internationally trained nurses may suggest a shortage of nurses at the 
institution or national level. Thus it is particularly important to optimize the full scope of professional 
nursing practice in institutions that employ nurses educated in other countries. Studies have shown that 
migrant nurses sometimes experience discrimination by means of lower wage and less upward mobility, 
and may be employed as nursing aids rather than as nurses, which negatively impacts their wellbeing 
(Center for Health Workforce Studies, University of Albany, 2008; International Organization for 
Migration, 2010; Kline, 2003). Other research suggests that nurses trained abroad aspire to the same 
professional nursing practice standards common to their country of current employment (Flynn & Aiken, 
2002). In light of the increasing international mobility of nurses, Humphries et al. (2009) finds the 
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evaluation of how migrant nurses' skills are utilized a prerequisite to incorporating nurse migration into 
workforce planning. 
The twelve-country Registered Nurse Forecasting (RN4CAST) study measured and linked 
organizational features of nurses' work places to nurse wellbeing and patient outcomes to challenge 
assumptions underpinning previous nurse workforce planning efforts (Sermeus et al., 2011). The aim of 
this study is to determine whether there is a difference between domestically trained and foreign trained 
nurses from developing countries in nurses' reports on tasks below their skill level performed during their 
last shift. We consider the implications of our findings for human resources management. 
3.2 Methods 
3.2.1 Study design 
The RN4CAST study favored a rigorous quantitative multi-country cross-sectional design on the 
basis of research methods used in a five-nation study of critical issues in nurse staffing and the impact on 
patient care (Aiken et al., 2001). Data were gathered from four data sources (nurse, patient and hospital 
profile surveys and routinely collected hospital discharge data). The design of the RN4CAST-study is 
described in detail by Sermeus et al. (2011). This analysis used nurse-reported information on migratory 
status and tasks below skill level performed during their last shift. 
3.2.2 Ethical approval 
Depending on national legislation, the study protocol was approved by either central ethical 
committees (e.g. nation or university) or local ethical committees (e.g. hospitals). All nurses received an 
information letter explaining the design of the study. 
3.2.3 Study sample 
A total of 486 hospitals were sampled as primary sampling units in twelve European countries, with 
at least 30 hospitals per country. In two countries, the selected hospitals represent all of the relevant 
institutions in the country (Ireland, Norway). In Belgium, Germany, the Netherlands, Switzerland, England 
and Spain, a stratified random selection (geographical location within the countries, hospital size, and 
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hospital type) was done. Additionally, the Belgian and German research teams also gave the opportunity 
for hospitals to participate on a voluntary basis. In Finland, Poland and Greece, hospitals were selected via 
purposive sampling (i.e. geographical spread, hospital size, hospital type). In Sweden, all nurses were 
approached via the Swedish Nursing Association, which covers about 85% of all nurses working in 
Sweden. Nurses were then asked to identify the hospital in which they work. In each of the selected 
hospitals at least two general medical and surgical nursing units were randomly selected from a master 
list of nursing units. All staff nurses involved in direct patient care activities served as informants on 
organization of nursing care, nurse wellbeing, patient safety and quality of care. Nurses were defined in 
each country as those meeting the European Union definition of trained and licensed nurses according to 
directive 2005/35/EC. The sample consists of 33,731 nurses (62% response rate) from Belgium (n = 3,186), 
England (n = 2,990), Finland (n = 1,131), Germany (n = 1,508), Greece (n = 367), Ireland (n = 1,406), the 
Netherlands (n = 2,217), Norway (n = 3,752), Poland (n = 2,605), Spain (n = 2,804), Sweden (n = 10,133), 
and Switzerland (n = 1,632). 
3.2.4 Study measures 
A self-administered questionnaire was distributed. Nurses were asked to indicate whether they had 
received their training in the country they are currently working in and if not, in which country they did 
receive their training. Based on the World Economic Outlook classification of countries (International 
Monetary Fund, 2010), nurses were categorized into domestically trained, foreign trained in a country 
with an emerging or developing economy (further referred to as foreign trained in a developing country), 
or foreign trained in a country with an advanced economy (further referred to as foreign trained in a 
developed country). The IMF list of emerging and developing economies (150 out of 184 countries) 
includes countries from all over the world. Some recent entrants to the European Union for example have 
remained classified as emerging economies (e.g. Latvia, Poland). 
Within a series of questions about their last shift, nurses were asked to report on a list of tasks 
below their skill level whether they had performed these tasks never, sometimes, or often during their 
last shift. The following nine tasks were presented to nurses: routine phlebotomy/blood draw for tests, 
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transporting of patients within hospitals, performing non-nursing care, performing non-nursing services 
not available on off-hours, delivering and retrieving food trays, answering phones/clerical duties, 
arranging discharge referrals and transportation, obtaining supplies or equipment, and cleaning patient 
rooms and equipment.  
Three types of variables were used to control for confounders: nurses' type of last shift worked 
(morning, evening, night), number of years worked as a nurse and level of education (bachelor degree or 
not). 
3.2.5 Statistical analysis 
We first described for each country the share of foreign trained nurses and the share of nurses 
from developing and developed countries. We provide detailed data on the country of origin. We also 
assess whether there are statistically significant differences between domestically trained nurses and 
foreign trained nurses from developing countries in reporting type of last shift worked, number of years 
worked, and level of education. Second, we described nurses' reports on the list of nine tasks performed 
during their last shift. Third, we compared reports on tasks performed by domestically trained nurses and 
foreign trained nurses from developing countries. For analytic purposes, we dichotomized nurses' 
responses as 'never performed' and 'sometimes/often performed'. A heat map (Sneath, 1957) was used 
to graphically compare these reports, with a system of color-coding where a dark grey square indicates 
that a higher proportion of foreign trained nurses from developing countries reported this task compared 
to domestically trained nurses (and light grey square vice versa). A composite measure of tasks performed 
during nurses' last shift (min = 0, max = 9) was calculated for each individual nurse by taking the sum of 
the nine dichotomized nursing tasks. This composite measure had a binomial distribution. The overall 
effect (i.e. over all countries) of nurses' migratory status on this composite measure was estimated using a 
two-level logistic random effects regression. The country effect was modeled as a fixed effect. The 
hospitals were treated as a random effect. We calculated the intraclass correlation coefficient at the 
hospital level as an indication of the degree of homogeneity. The analysis was adjusted for nurses' type of 
last shift worked, number of years worked as a nurse and level of education. We analyzed the consistency 
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of the overall effect by specifying interaction effects between the countries under study and migratory 
status. We also constructed a series of similar two-level random effects regression models to analyze the 
overall effect of migratory status on each task separately. Despite all efforts to get random effects models 
with interaction effects to converge, this proved to be hard for four out of nine tasks because of 
computational problems. The statistical software package issued a non-convergence warning, which 
indicates that the model may not fit the data well. Descriptive findings for these tasks showed repetitive 
high proportions of both domestically trained nurses and foreign trained nurses from developing 
countries indicating they had performed these tasks during their last shift. We repeated our analysis 
comparing nurses' reports on tasks never/sometimes performed and often performed, and found similar 
findings. We also compared the difference in tasks reported between domestically trained nurses and 
foreign trained nurses from a developed country and found no statistically significant differences. The 
data analysis for this paper was generated using SAS/STAT software, Version 9.3 of the SAS System for 
Windows. Copyright 2011 SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names 
are registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA. 
3.3 Findings 
3.3.1 Foreign trained nurses 
There were 2107 nurses (6.2% of the total sample) who indicated that they were trained in a 
different country from the one where they were currently employed, of which 832 were trained in a 
developing country (2.5% of total sample). There was large variation in the share of foreign-trained nurses 
between countries: Ireland (38.6%), Switzerland (22.1%), England (16.7%), Norway (5.5%), Germany 
(5.1%), Greece (5.1%), Belgium (3.1%), the Netherlands (2.4%), Sweden (2.3%), Spain (1.3%) and Finland 
(.9%). In Poland, all nurses that participated in the study were domestically trained nurses and in Greece 
there were no foreign-trained nurses from developing countries. The share of foreign-trained nurses 
varied considerably between hospitals in the top three countries with foreign-trained nurses, ranging 
from 16 to 56% (Ireland), 4 to 50% (Switzerland) and 1 to 52% (England). Countries with low numbers of 
foreign-trained nurses from developing countries (Finland, Greece, Poland) or high missing values on 
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country of training (Belgium) were dropped from further analysis, which resulted in a total of 813 foreign-
trained nurses from developing countries remaining for further analysis. Figure 3.1 presents the large 
variation in the share of nurses from developing countries employed in the sample of eight remaining 
European countries. The percentage of foreign trained nurses trained in developing countries varied from 
11% in Switzerland to as high as 80% in England.  
In many countries, a large part of the share of foreign-trained nurses could be explained by mobility 
between neighboring countries or countries in the region: 112 of 354 foreign-trained nurses in 
Switzerland (31.6%) were trained in Germany, 107 (30.2%) in France and 41 (11.6%) in Italy. Nurses 
trained in developing countries now working in Switzerland included nurses from India (7; 2.0%), the 
Philippines (4; 1.1%) and Bosnia and Herzegovina (3; .85%), among others. In Sweden, 62 of the 231 
foreign-trained nurses (26.8%) had obtained their training in Finland and 27 (11.7%) in Germany. 
Figure 3.1 Foreign trained nurses: share of foreign trained nurses from developing and developed countries 
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The share of foreign-trained nurses from developing countries was ethnically very diverse, with 
most nurses trained in Bosnia and Herzegovina (15; 6.5%). In Spain, a different image emerged, with a 
large share of nurses trained in South American countries, mainly in Peru (8; 21.6%). Norway's largest 
group of foreign-trained nurses came from Sweden (53 of 231; 26.1%) with 31 (15.3%) from Australia and 
31 (15.3%) from Denmark. Nurses from developing countries (200 in total) came from the Philippines (5; 
2.5%), Lithuania (4; 2.0%) and Bosnia and Herzegovina (3; 1.5%), among others. In the Netherlands, after 
Belgium (7 of 54; 13.0%) and Germany (5; 9.3%), there was a substantial number of nurses from the 
former Dutch colonies of Suriname (12; 22.2%) and Indonesia (8; 14.8%). Of the 76 foreign-trained nurses 
in Germany, 13 (17.1%) came from Poland and 4 (5.3%) from Kazakhstan. In England, the main source 
countries were the Philippines (153 of 494; 31.0%) and India (117; 23.7%) but also nurses from sub-
Saharan Africa (Ghana, Kenya, Nigeria, South Africa, Uganda, Zambia and Zimbabwe) accounted for a 
large proportion (78; 15.8%). As in England, the use of overseas recruiters is widespread in Ireland. 
Contrary to England, however, Ireland's share of nurses from developing countries was almost completely 
accounted for by nurses from India (111 of 531; 20.9%) and the Philippines (92; 17.3%) only. The share of 
European foreign-trained nurses in Ireland (53.2% of total) was almost exclusively made up of nurses who 
had received their training in the United Kingdom (51.5% of total).  
In all eight countries, foreign-trained nurses from developing countries had more years of 
experience in working as a nurse than domestically trained nurses. These differences were statistically 
significant across all countries. Statistically significant differences were found for the level of education in 
England and Ireland, where the share of foreign-trained nurses from developing countries reporting that 
they had obtained a bachelor level degree in their home country was higher than the share for 
domestically trained nurses. 
3.3.2 Nurses' reports on tasks performed during their last shift.  
Across countries, a high proportion of nurses reported having sometimes or often performed tasks 
below their skill level during their last shift. Most reported tasks (country-weighted average) were 
answering telephones/clerical duties (97.4%), performing non-nursing care (90.1%) and obtaining supplies 
3.  Tasks below skill level by domestically and foreign trained nurses 
56 
 
or equipment (71.2%). There was large variability between countries in nurses' reports. For example in 
Spain, only 16.8% reported having cleaned patient rooms and equipment while in England this was 90% 
(Table 3.1). 
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3.3.3 Comparison of reports from domestically trained nurses and nurses trained in developing countries  
The heat map (Figure 3.2) shows that in 62 out of 72 cases, higher percentages of nurses from 
developing countries reported they performed the nine tasks compared with domestically trained nurses 
(Table 3.1 for detailed findings). Findings were consistent between hospitals and for nurses from the same 
developing country working in the different countries under study here. For example, 25 English trusts 
had a total of 153 Philippines employed. In 24 out of 25 trusts, Philippine-trained nurses more often 
reported that they had delivered and retrieved food trays during their last shift compared with 
domestically trained nurses. This was also the case in 19 out of 20 Irish hospitals where Philippine-trained 
nurses were working.  
The intraclass correlation coefficient for the nine items varied from .08 to .35, and was .21 for the 
composite measure, justifying the need for specifying a multilevel model. Table 3.2 shows that, after 
adjusting for last shift worked, years of experience and level of education, there remained a pronounced 
overall effect of being a foreign-trained nurse from a developing country and having an increase in reports 
of tasks performed during the last shift. This overall effect was found for the model testing the association 
between nurses' migratory status and the composite measure of tasks performed during the last shift. 
The interaction effect for this analysis was not significant. The series of models to analyze the overall 
effect of migratory status on each task separately showed that for eight out of nine tasks there was an 
overall effect of being a foreign-trained nurse from a developing country and an increase in reporting 
those tasks. Being a foreign-trained nurse from a developing country was a significant predictor of all five 
tasks for which an interaction effect was specified. The interaction effect was non-significant for three 
tasks (arranging discharge referrals, routine phlebotomy/blood draw for tests, cleaning patient rooms and 
equipment). For 'delivering and retrieving food trays' and 'obtaining supplies or equipment', the 
interaction effect was significant. For three out of four tasks for which no interaction effect could be 
specified, being a foreign-trained nurse from a developing country was a significant predictor (performing 
non-nursing care, transport of patients within the hospital, filling in for non-nursing services not available 
at off-hours). Migratory status failed to predict the task of 'answering telephones, clerical duties', for 
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which in each country at least 90% of both domestically trained nurses and foreign-trained nurses 
reported they had performed this task during their last shift.  
Figure 3.2 Nurses' reports of tasks below their skill level performed during their last shift. Heat map comparing reports 
from domestically trained nurses and nurses trained in a developing country 
 
Table 3.2 Logistic random effects models estimating the overall effect of nurses' migratory status (trained in a developing 
country versus domestically trained) across eight countries on task below skill level performed during nurses' last shift 
Tasks performed during nurses' last shift a Estimate Odds Ratio (95% CI) p-value 
Composite measure of nine nursing tasks .74 2.10 (1.68-2.61) <.0001 
Delivering and retrieving food trays b 1.65 5.21 (4.04-6.72) <.0001 
Performing non-nursing care c  .53 1.70 (1.13-2.56) .014 
Arranging discharge referrals b .89 2.44 (1.92-3.08) <.0001 
Routine phlebotomy/blood draw for tests b .90 2.46 (1.91-3.17) <.0001 
Transport of patients within the hospital c  .73 2.08 (1.71-2.52) <.0001 
Cleaning patient rooms and equipment b .64 1.90 (1.44-2.50) <.0001 
Filling in for non-nursing services not available on off-hours c  .19 1.21 (.99-1.47) .048 
Obtaining supplies or equipment b .30 1.35 (1.03-1.78) .033 
Answering phones, clerical duties c .53 1.70 (.70-4.10) .235 
a Model adjusted for reported last shift worked (morning, evening, night); number of years worked as a nurse and degree obtained (bachelor degree or not); 
trained in a developing country versus domestically trained based on the World Economic Outlook classification of countries (International Monetary Fund, 
2010); eight countries covered were England, Germany, Ireland, the Netherlands, Norway, Spain, Sweden, Switzerland; b Interaction effect specified; c No 
interaction effect specified because of computational problems. 
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3.4 Discussion 
This study documented high proportions of nurses across twelve countries indicating they had 
performed tasks below their skill level during their last shift. These findings support the previous studies 
of Aiken et al. (2001), Desjardins et al. (2008) and Hendrich et al. (2008) in which nurses reported much 
time spend on non-nursing tasks or much time wasted during their last shift. 
Findings also revealed that, while a high share of all nurses reported having performed tasks below 
their skill level during their last shift, being a foreign trained nurse from a developing country was a 
significant predictor of performing tasks below skill level. These findings resulted from a two-level logistic 
random effects regression model testing the overall effect of migratory status on a composite measure of 
tasks performed, and persisted for a series of two-level random effects regression models to analyze the 
overall effect of migratory status on each task separately. The consistency in results across countries and 
hospitals makes these findings compelling. 
In 2010, the World Health Assembly adopted the WHO Global Code of Practice on the International 
Recruitment of Health Personnel (World Health Organization, 2010). The ambition of this first code global 
in scope is for WHO Member States to refrain from the active recruitment of health personnel from 
developing countries facing critical shortages of health workers. The code also emphasizes the importance 
of equal treatment for migrant health workers and the domestically trained health workforce.  
The RN4CAST data provided an opportunity to contribute to our understanding of this limited topic 
of research. The mix of countries participating in this study reflects the diversity of health systems in 
Europe, ensuring a rich perspective of nursing workforce issues from all angles. Robust statistical 
techniques were used to analyze the differences among domestically trained nurses and foreign-trained 
nurses from developing countries. Several limitations, however, warrant consideration. The proportion of 
foreign trained nurses from developing or from developed countries corresponded closely to that 
observed by the Organisation for Economic Cooperation and Development. Several limitations, however, 
warrant consideration. First, the measure of migratory status used may not have captured adequately the 
nationality of the nurses since only the country of training was known. Second, the proportion of foreign 
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trained nurses to the total sample was rather small. From the twelve countries under study, we had to 
drop from our analysis three countries with low numbers of foreign trained nurses from developing 
countries (Finland, Greece, Poland) and one country with high missing values on the variable of country of 
training. Third, the list of items on tasks below nurses' skill level was investigator developed (Aiken et al., 
2001). However, it has shown to have predictive validity to the incompletion of nursing activities (Al-
Kandari & Thomas, 2009). Also, other authors used similar items to describe waste (Hendrich et al., 2008) 
or non-nursing tasks (Desjardins et al., 2008). An early work measurement study from Connor (1961) 
already identified activities such as housekeeping and dietary tray delivery as non-nursing activities. It are 
exactly these tasks that could be delegated to non-nursing personnel (O'Brien-Pallas et al., 2004). It is 
however conceivable that some tasks surveyed here in certain situations of care were indeed nursing 
tasks. Also, it is possible that not all tasks below nurses' skill level may have been captured adequately, 
since the response was limited to a list of nine tasks. Last, in this multi-country European context, the 
context in which nurses performed these tasks can be very diverse. The influence of professional practice 
standards, skill levels of foreign-trained nurses from developing countries and values attached to these 
tasks resulting from previous work experiences in their home countries was unknown. It was not known, 
for example, whether foreign-trained nurses from developing countries were more likely than 
domestically trained nurses to be assigned to perform tasks below their skill level or whether foreign-
trained nurses were more task oriented and brought the customs and roles of nursing from their 
developing country backgrounds into developed countries, and thus were more prone to voluntarily take 
on tasks below their skill level. The differences found between reports from domestically trained nurses 
and foreign-trained nurses were, however, not attributable to a lower level of education or fewer years of 
experience. To the contrary, in each country the foreign-trained nurses from developing countries had 
significantly more experience in working as a nurse than the domestically trained nurses. However, it was 
not known how long they had been working as a nurse in their destination country.  
3.5 Conclusion 
The findings suggest that there remains much room for improvement to optimize the use of nurses' 
time and energy. Human resources management should give more attention to professional socialization 
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and life-long learning for nurses to improve their priority setting and time management as well as ensuing 
that non-nursing resources are designated to carry out tasks that do not require the unique training of 
professional nurses. Nurses from developing countries may be particularly in need of continuing 
education on professional nurse roles and responsibilities in complex healthcare settings. Further 
research is needed to understand the influence of professional practice standards, skill levels of foreign 
trained nurses from developing countries and values attached to these tasks resulting from previous work 
experiences in their home countries. This will allow us to better understand the conditions under which 
foreign trained nurses from developing countries performed these tasks and to support improved 
structuring their work.  
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Abstract 
Background: Nurses' work environments are associated with burnout experiences among nurses. The 
RN4CAST project provides data on these constructs within a four-level structure (nurse, nursing unit, 
hospital, and country), implying more complicated multilevel analysis strategies than have been used in 
previous efforts studying this relationship. 
Objectives: First, to explore and investigate the effect of the nursing unit, hospital, and country level 
variability on the relationship between dimensions of nurses' work environment and dimensions of 
burnout. Second, to explore the significance of the nursing unit, hospital, and country level variability 
among the burnout dimensions. 
Methods: Data from the RN4CAST project were available from a cross-sectional survey among 23,446 
nurses in 2087 nursing units in 352 hospitals in 11 countries. Nurses reported on their work environment 
(managerial support for nursing, doctor-nurse collegial relations, and promotion of care quality) and 
burnout experiences (emotional exhaustion, depersonalization and personal accomplishment). Ecological 
measures of the nurse work environment dimensions were specified and combined with individual-level 
outcomes within a series of multilevel statistical models. The final model was a multivariate multilevel 
probit model in which the work environment and burnout dimensions are modeled jointly. 
Results: Doctor-nurse collegial relations affected all burnout dimensions, but at the unit level only. For the 
dimension of promotion of care quality, the effect of the ecological exposure on burnout was pronounced 
at both the nursing unit and the hospital level for all three burnout dimensions. Findings for the 
dimensions of managerial support for nursing were ambiguous. 
Conclusion: Nurse work environment dynamics are related to nurses' burnout experiences at both the 
nursing unit and the hospital level. This implies that both hospital-wide and unit-specific interventions 
should be considered to achieve excellent work environments. The correlation structure among the three 
burnout outcomes varies across countries, but is stable between hospitals within countries and between 
nursing units within hospitals.  
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4.1 Background 
The context in which nursing outcomes research is undertaken is often multilevel in nature. 
Multilevel complexity can be caused by naturally occurring dependencies (e.g. nurses in hospitals) or 
imposed-by-design dependencies (multistage sampling). These complex structures imply an explicit 
multilevel analysis to take into account the correlated nature of the data. Several studies introduced the 
conceptual and statistical background in multilevel analysis for nursing research and portrayed examples 
of the application of two-level techniques for meta-analysis (Wu, 1997), confirmatory factor analysis 
(Gajewski, Boyle, Miller, Oberhelman, & Dunton, 2010) and regression analysis (Adewale et al., 2007; Cho, 
2003; Park & Lake, 2005). They detailed how features of these two-level techniques overcome the 
fallacies of conventional single level models in the analysis of clustered data. These studies vastly 
contributed to illustrating the basics in multilevel modeling for patient and organizational outcomes 
research. 
The current article takes the application of multilevel regression techniques in nursing research a 
step further by analyzing the association between nurses' work environment and burnout in a four-level 
data set (country, hospital, nursing unit, and nurse) resulting from the Registered Nurse Forecasting 
(RN4CAST) project. This multi-country nurse workforce study has provided a unique data set on 
organizational features of nursing care and measures of nurse wellbeing, patient satisfaction with care, 
and quality and safety of patient care (Sermeus et al., 2011). Understanding research problems in this 
data structure dictates more complicated multilevel analysis strategies than have been used in previous 
efforts. Nurse work environment and burnout, the constructs of interest studied in the current article, 
have been well researched previously. Large-scale studies have shown that nurses working in both post-
industrial (Aiken et al., 2001; Hasselhorn, Tackenberg, & Müller, 2003) and developing countries 
(Poghosyan, Clarke, Finlayson, & Aiken, 2010) are susceptible to burnout. Burnout in turn impacts patient 
satisfaction with nursing care (Vahey et al., 2004) and plays a mediating role in nurses' reports on quality 
of care and adverse events, job dissatisfaction and turnover intentions (Leiter & Maslach, 2009; Spence 
Laschinger & Leiter, 2006; Van Bogaert, Meulemans, Clarke, Vermeyen, & Van de Heyning, 2009). The 
consequences of burnout thus potentially negatively affect nurses, patients, organizations and health 
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systems in general. Of interest is that the large majority of nurse researchers studying burnout have 
mainly focused on the emotional exhaustion dimension of the syndrome. This dimension refers to feelings 
of being overextended and depleted of one's emotional and physical resources, and has indeed been 
described by the world leading researchers in the field of burnout as the key aspect of burnout (Maslach 
& Jackson, 1981). However, they have also repeatedly emphasized the significance of the three-
dimensional burnout model in that it "clearly places the individual strain experience within the social 
context of the workplace and involves the person's conception of both self and others" (Maslach, 1993). 
Measuring emotional exhaustion only "fails to capture the critical aspects of the relationships that people 
have with their work" (Maslach & Leiter, 2008). We therefore study in this article all three burnout 
dimensions: emotional exhaustion, depersonalization and personal accomplishment. Depersonalization 
refers to negative, callous, or excessively detached responses to various aspects of the job. Feelings of 
incompetence and a lack of achievement and productivity in work are captured by the personal 
accomplishment dimension (Maslach & Leiter, 2008). A point of departure for our line of research 
presented here is the well-documented evidence on the causes of burnout. Studies across countries 
worldwide found that modifiable dimensions of nurses' work environment and workload predict burnout 
rates among nurses (Bruyneel et al., 2009; Kelly et al., 2012; Nantsupawat et al., 2011). Such dimensions 
include staffing and resource adequacy, managerial support for nursing, nurse participation in hospital 
affairs, doctor–nurse collegial relations, and promotion of care quality. Nurses' reports on their work 
environment and burnout experience, that are both multidimensional constructs, provide an excellent 
opportunity to introduce nurse researchers to advanced multilevel regression analyses.  
The aim of this study is two-fold. First, to explore and investigate the effect of the nursing unit, 
hospital, and country level variability on the relationship between dimensions of nurses' work 
environment and dimensions of burnout. Second, to explore the significance of the nursing unit, hospital, 
and country level variability among the burnout dimensions. 
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4.2 Methods 
4.2.1 Data sources 
The data used in this study come from the RN4CAST project, a three year (2009–2011) nurse 
workforce study funded by the Seventh Framework Programme of the European Union. For the RN4CAST 
project, research teams from across 12 countries used a multilevel observational design to determine how 
system-level features in the organization of nursing care (work environment, education, and workload) 
impact individual measures of nurse wellbeing (burnout, job satisfaction, and turnover) and patient safety 
outcomes and care satisfaction. The design of the RN4CAST project is described in detail by Sermeus et al. 
(2011). The relevant data for the current analysis include nurses' ratings of their work environment and 
reports on burnout experiences. 
4.2.2 Ethical considerations 
In all but one country, depending on national legislation, the study protocol was approved by either 
central ethical committees (e.g. nation or university) or local ethical committees (e.g. hospitals). In the 
Netherlands no ethical approval was required. 
4.2.3 Study sample 
A four-level hierarchical structure is the form of the sampling strategy used in the RN4CAST project. 
The study encompasses data from 33,731 nurses (level 1) in 2,089 nursing units (level 2) in 486 hospitals 
(level 3) in 12 countries (level 4). The participating countries are Belgium, England, Finland, Germany, 
Greece, Ireland, the Netherlands, Norway, Poland, Spain, Sweden, and Switzerland. A minimum of 30 
hospitals participated in each country. In most of the countries, the selected hospitals either represented 
all hospitals in the country (Ireland and Norway) or were random samples of all general (nonspecialized) 
hospitals. In Finland, Poland and Greece, the purposive sampling was used which was based on the 
geographical spread, hospital size and hospital type. At least two general medical and surgical nursing 
units for each hospital were randomly selected, of which all nurses involved in direct patient care 
activities were invited to participate in the study. A different sampling strategy was used in Sweden that 
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nurses were selected via the Swedish Nursing Association, and the hospitals in which they work were then 
identified. The overall response rate of 62% compares favorably with rates seen in other nursing 
outcomes research studies and was for most countries consistently high across nursing units and 
hospitals. England (38.6%), Finland (46.2%) and Germany (41.6%) had lower response rates. Swedish data 
were excluded as no unit identifiers were available from the Swedish sampling design. The collected data 
have the characteristics of a strict hierarchical structure. First, lower level units are nested within one and 
only one unit at the next higher level. Second, lower level units present repeated samples of higher level 
units. Third, there was successive sampling from each level of the hierarchical population. Fourth, as can 
be expected, the sample size within higher level units was imbalanced, albeit there were a sufficient 
number of respondents for analysis in the sampled units.  
4.2.4 Study measures 
The nurse work environment was measured using the Practice Environment Scale of the Nursing 
Work Index (PES-NWI), an internationally validated organizational measure (Warshawsky & Havens, 2011) 
that reflects the multidimensionality of nurses' work environment. The PES-NWI operationalizes five 
dimensions that facilitate or constrain nursing practice. Nurses therefore score statements about the 
work environment on a four point Likert scale ('Totally agree' = 4, 'Agree' = 3, 'Not agree' = 2, 'Totally not 
agree' = 1). The five dimensions, example item and number of items of each dimension are: managerial 
support for nursing ('A nurse manager who is a good manager and leader'; 4 items), nurse participation in 
hospital affairs ('Career development/clinical ladder opportunity'; 8 items), doctor–nurse collegial 
relations ('Physicians respect nurses as professionals'; 7 items), staffing and resource adequacy ('Enough 
registered nurses on staff to provide quality patient care'; 4 items), and promotion of care quality 
('Working with nurses who are clinically competent'; 9 items). The Pearson coefficient correlation matrix 
showed relatively higher correlations between the dimensions of staffing and resource adequacy and 
nurse participation in hospital affairs and other dimensions. This has the potential to adversely affect 
regression estimates. The multicollinearity checking showed a potential problem for the dimension nurse 
participation in hospital affairs. In addition, another paper by Kutney-Lee et al. (2009) used the same 
three environment dimensions. We therefore did not include these two dimensions for further analyses. 
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The response variable for this analysis is the multidimensional burnout phenomenon. Burnout is a 
syndrome of emotional exhaustion, depersonalization and reduced personal accomplishment that can 
occur among individuals who do 'people work' of some kind (Maslach & Jackson, 1981). We evaluated 
burnout using the 22-item Maslach Burnout Inventory (MBI) that has been extensively used to capture 
the three dimensions of burnout. On a seven point Likert scale, nurses assessed the frequency (ranging 
from never to every day) of burnout experiences. 
Degrees of burnout are calculated separately for the dimensions of emotional exhaustion (9 items), 
depersonalization (5 items) and reduced personal accomplishment (8 items) by using the numerical cut-
off points listed on Maslach and Jackson's (1986) scoring key. This key categorizes respondents into low, 
average and high ranges of experienced burnout for each dimension. We dichotomize respondents as 
experiencing high burnout or not, thus requiring a binary modeling. A probit regression was chosen in this 
study. About 10% of the nurses, at least one data value was missing on either the work environment or 
the burnout items. For the work environment dimensions, any missing data values were completed with 
the mean of the nonmissing data values. For the dimensions of burnout, missing data values were 
imputed using the multinomial distribution of frequencies per hospital. That is, each missing was replaced 
by a random value from the observed multinomial distribution in each hospital. After applying the missing 
data imputation strategies in R (version 2.13.0), the final data set contained 23,446 nurses coming from 
2,087 nursing units, within 352 hospitals and 11 countries. 
4.2.5 Statistical analysis 
4.2.5.1 Intraclass correlation coefficient 
The basic statistical prerequisite for the appropriate application of multilevel analyses includes 
clustered data with a positive intraclass correlation coefficient (ICC). A (true) positive ICC violates the 
independent observations assumption of ordinary least squares estimation, resulting in downwardly 
biased standard error estimates, overly large test statistics, and inflated type I error rates (Krull & 
MacKinnon, 2001). We estimated the ICC to get an idea of the degree of variation in the burnout 
dimensions that were explained at each level. For the four-level model, the ICCs are defined as follows:  
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ܫܥܥ௖ ൌ
ߪ௖ଶ
ߪ௔௟௟
ଶ ǡ ܫܥܥ௛ ൌ
ߪ௖ଶ ൅ ߪ௛ଶ
ߪ௔௟௟
ଶ ǡ ܫܥܥ௨ ൌ
ߪ௖ଶ ൅ ߪ௛ଶ ൅ ߪ௨ଶ
ߪ௔௟௟
ଶ ǡ 
(4.1) 
with ߪ௔௟௟ଶ  the stum of all variances, i.e. ߪ௔௟௟ଶ ൌ ߪ௖ଶ ൅ ߪ௛ଶ ൅ ߪ௨ଶ ൅ ߪ௡ଶ. The subscripts c, h, u, n represent 
country, hospital, nursing unit and nurse levels, respectively. For the probit model, the lowest level 
variance, i.e. ߪ௡ଶ, is set to be one using the latent variable strategy. Regarding the interpretation of the 
intra-class correlation, we note that ܫܥܥ௖ is the correlation of two nurses' responses within the same 
country (different hospitals and nursing units), and ܫܥܥ௛ is the correlation of two nurses' responses within 
the same hospital (same country but different nursing units), while ܫܥܥ௨  is the correlation of two nurses' 
responses within the same nursing unit (same country and hospital). The higher the ICC scores, the higher 
the degree of homogeneity among nurses clusters. In order to get the partitioned proportion of the total 
variation into each level, we subtracted the higher level ICC from the lower level ICC, that is:  
݌௖ ൌ
ߪ௖ଶ
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ଶ ǡ ݌௛ ൌ
ߪ௛ଶ
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ଶ ǡ ݌௨ ൌ
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ߪ௔௟௟
ଶ ǡ ݌௡ ൌ 
ߪ௡ଶ
ߪ௔௟௟
ଶ Ǥ 
(4.2) 
4.2.5.2 Model specification 
The outcomes of interest, i.e. the three burnout subscales, take place at the individual level. These 
are called level-one outcomes. The work environment dimensions were conceptualized to influence these 
level-one outcomes at higher organizational levels. In multilevel jargon, such variables are called 
ecological variables. We will continue to use this term and the term work environment dimension 
throughout this paper. Contrary to previous nurse workforce studies, we will avoid naming these variables 
as environmental variables. Ecological variables were calculated as the average of the item responses of 
nurses within nursing units, hospitals and countries. In a multilevel context, the effect of a covariate can 
be decomposed into effects on different levels, which is recommended by Neuhaus and Kalbfleisch 
(1998). This decomposition allows us to learn the difference of the relationship at each level, which 
renders the modeling more flexible. We now rewrite each of the ecological variables as follows: 
തܺ௨ ൌ ሺ തܺ௨ െ തܺ௛ሻ ൅ ሺ തܺ௛ െ തܺ௖ሻ ൅ തܺ௖ (4.3) 
where തܺ is the aggregated average value of one of the work environment dimensions and the subscripts 
u, h, c represent the nursing unit, hospital and country levels, respectively. This representation partitions 
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the nursing unit level covariate into a sum of three parts: the nursing unit level deviation from the 
hospital level mean, the hospital level deviation from the country level mean and the country level mean. 
The rationale is that, by partitioning the covariates we can estimate the pure effect of the covariate at 
each level. For example, by subtracting the hospital level mean from the nursing unit level variable, we 
keep only the unit level effect thereby removing the higher level effects. 
4.2.5.3 Step-by-step multilevel modeling approach 
We propose a step-by-step approach toward building a model for multilevel regression analysis of 
the relationship between a multidimensional covariate and a multidimensional dichotomous outcome. To 
relate the work environment dimensions to burnout dimensions, we first build a series of nine univariate 
simple multilevel probit models. Here, we consider the impact of each work environment dimension on 
each burnout dimension separately. Second, we build a series of three univariate multiple multilevel 
probit models. Here, we consider the joint impact of the work environment dimensions on each of the 
burnout dimensions separately. The extension to the multiple model only involves adding more covariates 
at each level. The probit model assumes that there is an underlying latent variable Z that follows a normal 
distribution with standard deviation one, conditional on all the fixed effects. This latent variable expresses 
the true feeling of the nurse and is assumed that for Z > 0, burnout is expressed on a manifest scale 
indicated by Y = 1, otherwise zero. In the univariate simple multilevel probit models, we have one 
ecological covariate decomposed as in Equation 4.3, augmented with a random intercept for each higher 
level. The random effects follow a normal distribution with mean zero and a specific variance. No random 
slopes were included into the model following exploratory analyses (using Akaike's information criterion 
(Akaike, 1974), indicating that the relationship between the work environment and burnout differs in 
different levels, but stays constant within each level. We used the same settings for the random effects in 
the univariate multiple multilevel probit models. The final outcome of our step-by-step approach is a 
multivariate multilevel probit model. The combination of the three univariate multiple multilevel probit 
models results in a three-variate four-level probit model, which could also be called, in general, the 
multilevel multivariate probit model (MVP). In this modeling, a common factor was introduced to 
construct the correlations among the three burnout dimensions (cf. three-variate). Similar to the 
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univariate models, all three covariates are partitioned into three parts (unit, hospital, and country level 
pure effects). There are three random intercepts vectors corresponding to the three higher levels for each 
outcome, as well as the three random factor loadings, which imply a varying correlation structure.  
4.2.5.4 Computational aspects 
We used the R lme4 package (Bates & Sarkar, 2007) to fit the univariate simple and multiple 
multilevel probit models. However, the multivariate multilevel probit model is beyond the scope of this 
package and we are not aware of any frequentist software that can handle this model. For this reason, we 
used the popular WinBUGS package. This software is based on the Bayesian paradigm and uses Markov 
Chain Monte Carlo sampling techniques to arrive at the parameter estimates. A Bayesian analysis needs 
prior distributions for all its parameters. We have used here the following priors. For the regression 
coefficients we have taken a normal distribution with mean zero and a large variance. The factor loadings 
(ls) were given a (multivariate) normal distribution with hyper-parameters, i.e. the variance (matrix), 
which has a vague conjugate inverse Wishart distribution. The random intercepts at each level followed 
the same priors as the factor loadings. For the posterior statistics, we calculated the posterior mean, 
median, standard error, and the 95% equal tail credibility interval. This credibility interval is the Bayesian 
equivalent of the classical 95% confidence interval, which indicates a significant nonzero estimate if the 
interval does not include zero, and a non-significant estimate if the interval includes zero. The hierarchical 
centering strategy of Gelfand, Sahu & Carlin (1995) was applied to improve the convergence of the MCMC 
iterations. Three chains were initialized with different starting values. We obtained posterior means and 
95% credible intervals based on 10,000 iterations after having removed a burn-in part of 20,000 
iterations. The Brooks–Gelman–Rubin diagnostic plot (Brooks & Gelman, 1998), which tests the within- 
and between-chains variation, was used to check the convergence of all parameters. The WinBUGS 
program is available from the first author. 
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4.3 Results 
4.3.1 General description 
The mean estimates of emotional exhaustion and depersonalization burnout rates in Greece are 
higher than for the other countries, while Poland has the highest rate of reduced personal 
accomplishment. Greece shows the widest interquartile ranges for all three dimensions of burnout, while 
the Netherlands shows the narrowest. The burnout rates thus vary greatly across Greece hospitals but are 
stable across Dutch hospitals. Swiss nurses' ratings of their work environment are the highest for all three 
dimensions. Greek and Polish nurses' ratings of their work environment are lowest. The full descriptive 
findings were published previously by Aiken et al. (2012). 
4.3.2 Intra-class correlation coefficients 
Table 4.1 shows the proportion of total variance that could be explained at each level for the three 
burnout dimensions and environment dimensions. The country level explained about 22% of the variation 
in emotional exhaustion, 13% in depersonalization and 6% in personal accomplishment. The hospital level 
explains the least variation. Less than 5% in the variation of all three outcomes can be explained at the 
hospital level. The nursing unit level contributes about 10%, 6% and 2% for the three outcomes, 
respectively. These multilevel variances decomposition indicate the modeling for multilevel analyses. For 
the variances decomposition of the three environment dimensions, the different proportions at each level 
suggest different ranges of the environment variations. The hospital level variation for each environment 
dimension is the smallest among the three levels, respectively. This will be further discussed in the 
discussion part. 
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Table 4.1 Proportion of total variance explained of the three burnout dimensions and environment dimensions at the 
country, hospital, nursing unit and individual 
  Country Hospital Nursing unit Nurse 
Outcome Emotional exhaustion 22.4 3.8 9.5 64.4 
 Depersonalization 13.0 3.2 6.3 77.5 
 Personal Accomplishment 6.0 2.3 2.3 89.4 
Covariates Managerial support for nursing 7.3 3.1 89.6 - 
 Doctor-nurse collegial relations 14.8 2.0 83.2 - 
 Promotion of care quality 15.0 4.6 80.4 - 
4.3.3 Relationship between the work environment and burnout 
All nine univariate simple multilevel models gave significant negative effect estimates for the 
ecological variables at almost all levels (Table 4.2). The effect is most pronounced for emotional 
exhaustion, while personal accomplishment shows the weakest effect. An exemplary graph of a univariate 
simple multilevel model is given in Figure 4.1. This figure displays a clear negative trend between the 
country level ecological variable of managerial support of nurses and emotional exhaustion. The negative 
regression line is the adjusted line that takes into account the number of nurses in each country, which is 
represented by the area of the circle. Greece has the smallest sample size and appears to be an outlier. 
Table 4.2 displays the results for the three univariate multiple multilevel probit models. There is a 
pronounced ecological effect of the nursing unit level variability in the relationship between the work 
environment dimensions of doctor–nurse collegial relations and promotion of care quality and all three 
burnout dimensions. The effect of the nursing unit level variability for the dimension of managerial 
support of nursing is only present for emotional exhaustion. At the hospital level, the latter effect is 
present for both emotional exhaustion and depersonalization. Doctor–nurse collegial relations have no 
effect on either burnout dimension at the hospital level. Promotion of care quality is significantly related 
to all three burnout dimensions at the hospital level. At the country level, we found only an effect for 
doctor–nurse collegial relations on personal accomplishment. This effect was absent in the three-variate 
four-level probit model (Table 4.3). The other fixed effects and the standard deviations in the final model 
are similar to those of univariate multiple multilevel models. The 95% equal tail credibility interval is the 
Bayesian equivalent of the classical 95% confidence interval. That is, the estimate is significantly 
larger/smaller than zero if the interval does not include zero, and not significant if the interval includes 
zero. 
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Table 4.2 Univariate simple and multiple probit model estimates 
Outcomes Covariates Levels 
Univariate simple models  Univariate multiple models 
EST SE p-value  EST SE p-value 
Emotional exhaustion Managerial support for nursing Nursing unit -.623 .039 <.0001  -.270 .050 <.001 
  Hospital  -.672 .079 <.001  -.540 .107 <.001 
  Country -2.330 .708 .001  -2.604 1.341 .052 
 Doctor-nurse collegial relations Nursing unit -.483 .050 <.001  -.108 .052 .037 
  Hospital  -.496 .119 <.001  .073 .133 .582 
  Country -1.114 .729 .126  .634 .877 .469 
 Promotion of care quality Nursing unit -1.109 .061 <.001  -.789 .078 <.001 
  Hospital  -.684 .097 <.001  -.298 .125 .017 
  Country -1.559 .661 .018  -.421 .743 .571 
Depersonalization Managerial support for nursing Nursing unit -.406 .037 <.001  -.083 .048 .082 
  Hospital  -.489 .071 <.001  -.270 .097 .005 
  Country -1.634 .494 .001  -1.839 .940 .050 
 Doctor-nurse collegial relations Nursing unit -.419 .047 <.001  -.172 .050 .001 
  Hospital  -.493 .104 <.001  -.085 .120 .480 
  Country -.793 .504 .116  .429 .615 .485 
 Promotion of care quality Nursing unit -.838 .058 <.001  -.671 .075 <.001 
  Hospital  -.597 .084 <.001  -.354 .113 .002 
  Country -1.081 .467 .021  -.273 .521 .600 
Personal accomplishment Managerial support for nursing Nursing unit -.257 .032 <.001  -.031 .041 .453 
  Hospital  -.302 .059 <.001  -.087 .080 .277 
  Country -1.008 .331 .002  -.279 .557 .616 
 Doctor-nurse collegial relations Nursing unit -.343 .039 <.001  -.200 .043 <.001 
  Hospital  -.350 .085 <.001  -.087 .100 .387 
  Country -.900 .228 <.001  -.727 .364 .046 
 Promotion of care quality Nursing unit -.537 .049 <.001  -.407 .065 <.001 
  Hospital  -.437 .069 <.001  .336 .093 <.001 
  Country -.448 .341 .189  -.025 .310 .939 
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Figure 4.1 Relationship between emotional exhaustion and managerial support for nursing at the country level 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. The nursing work environment and burnout experiences 
79 
 
Table 4.3 Bayesian multivariate multilevel probit model estimates 
Outcomes Covariates Levels Mean SE 2.5% Median 97.5% 
Emotional exhaustion Managerial support for nursing Nursing unit -.277 .050 -.373 -.278 -.178 
  Hospital  -.532 .115 -.754 -.531 -.310 
  Country -2.572 2.283 -7.138 -2.571 1.935 
 Doctor-nurse collegial relations Nursing unit -.108 .054 -.214 -.108 -.002 
  Hospital  .056 .142 -.219 .057 .335 
  Country .628 1.477 -2.295 .619 3.587 
 Promotion of care quality Nursing unit -.783 .079 -.935 -.783 -.628 
  Hospital  -.284 .135 -.545 -.286 -.019 
  Country -.451 1.293 -3.043 -.440 2.074 
Depersonalization Managerial support for nursing Nursing unit -.094 .049 -.188 -.094 .002 
  Hospital  -.265 .107 -.478 -.264 -.059 
  Country -1.856 1.892 -5.730 -1.822 1.769 
 Doctor-nurse collegial relations Nursing unit -.168 .050 -.265 -.167 -.071 
  Hospital  -.105 .133 -.362 -.105 .154 
  Country .442 1.237 -1.949 .425 2.930 
 Promotion of care quality Nursing unit -.667 .077 -.818 -.665 -.516 
  Hospital  -.344 .126 -.588 -.346 -.093 
  Country -.297 1.066 -2.356 -.304 1.832 
Personal accomplishment Managerial support for nursing Nursing unit -.031 .043 -.114 -.031 .053 
  Hospital  -.101 .093 -.281 -.101 .081 
  Country -.236 1.581 -3.351 -.244 2.953 
 Doctor-nurse collegial relations Nursing unit -.204 .045 -.293 -.204 -.116 
  Hospital  -.084 .114 -.310 -.083 .137 
  Country -.755 1.034 -2.799 -.760 1.291 
 Promotion of care quality Nursing unit -.410 .038 -.545 -.410 -.277 
  Hospital  -.319 .107 -.531 -.319 -.113 
  Country -.042 .883 -1.841 -.036 1.737 
 
4.3.4 Relationship among the burnout responses 
Fig. 4.2 displays the partitioned level-specific correlation structures among the three burnout 
dimensions. The dots are the posterior means and the lines are the 95% confidence interval in Bayesian 
way (for the country level or hospital level, this confidence interval is actually the median interval within 
the country or hospital). A sample of 20 is randomly selected at hospital and nursing unit levels 
respectively to make the figure readable. At the country level (first column in Figure 4.2), the correlations 
varied vastly, with some significant differences between countries. At the hospital level (second column in 
Figure 4.2), all remaining correlation structures stayed close to zero after removing the country level 
correlations. Similar findings are seen for the nursing unit level after removing the country and hospital 
level correlations (third column in Figure 4.2). This indicates that the correlation structure among the 
three outcomes was quite different between countries, but stayed stable between hospitals within 
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countries and between nursing units within hospitals. Greece again performed very differently from the 
other countries. 
Figure 4.2 Partitioned level-specific correlation structures among the three burnout outcomes. (For the hospital and 
nursing unit level deviation of correlation (the 2nd and 3rd columns), a sample of 20 is randomly selected, respectively) 
 
4.4 Discussion 
In this paper, we investigated the relationship between nurse work environment dimensions 
(managerial support for nursing, doctor–nurse collegial relations, and promotion of care quality) and 
burnout dimensions (emotional exhaustion, depersonalization, and personal accomplishment) using an 
advanced multilevel approach. We aimed to explore and investigate the effect of the nursing unit, 
hospital, and country level variability on the relationship between dimensions of nurses' work 
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environment and dimensions of burnout. We also explored the significance of the nursing unit, hospital, 
and country level variability among the burnout dimensions. We first specified ecological measures of the 
nurse work environment dimensions at the three organizational levels (nursing unit, hospital, and 
country). The effect of the covariate was decomposed into effects on different levels. This so called 
partitioning strategy allowed us to specify the pure effect of the covariate at each level. We then 
combined these ecological measures with individual-level burnout experiences within a series of 
multilevel statistical models that would allow us to model the complex contextuality and heterogeneity. 
Our approach toward building a model for multilevel regression analyses of the relationship between such 
multidimensional covariate and multidimensional dichotomous outcome took three steps. We first fitted 
univariate simple multilevel probit models where we considered the impact of each work environment 
dimension on each burnout dimension separately. Second, we fitted univariate multiple multilevel probit 
models where we considered the joint impact of the work environment dimensions on each of the 
burnout dimensions separately. Last, we fitted a multivariate multilevel probit model where we 
considered the joint impact of the work environment dimensions on the three burnout dimensions. Not 
surprisingly, our results showed a negative relationship between work environment dimensions and 
burnout experiences among nurses. However, by maintaining in our advanced analyses the social context 
in which the data were collected, we added some interesting findings to what was already known about 
this relationship. By using the partition strategy and modeling the burnout and work environment 
dimensions jointly, we now have a more detailed view of their relationship. The final model showed no 
country-level effect for either work environment dimension on any of the three burnout dimensions. 
Doctor–nurse collegial relations affected all burnout dimensions at the nursing unit level only. For the 
dimension of promotion of care quality, the effect of the ecological exposure on burnout was pronounced 
at both the nursing unit and the hospital level for all three burnout dimensions. The magnitude of this 
effect was consistently stronger at the nursing unit. Findings for the dimension of managerial support for 
nursing were ambiguous. The effect on emotional exhaustion was less pronounced at the nursing unit 
level than at the hospital level. An effect on depersonalization was only present at the hospital level. 
There was no effect on personal accomplishment at either level. In developing the PES-NWI, Lake (2002) 
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had already identified that substantive domains of the subscales ranged from the broad hospital context 
to the immediate nursing unit context, leading her to conclude that the subscales exhibit multilevel range 
in hospital contexts. The varying magnitude in effects found at different levels in this study pleas for the 
use of a multilevel analysis in future studies. The results should, however, be interpreted with caution. 
Previous efforts from our research group have shown that aggregating features of nursing care of all 
nursing units at the hospital level might obscure the hospital level effects on outcome measures (Van den 
Heede, Sermeus, et al., 2009). For this study, that means that even though there is no hospital effect for 
some work environment dimensions on certain burnout dimensions, human resources management 
should not conclude that interventions at the hospital level are by definition not effective. Statistical 
support for this is given by the large variance of work environment and burnout dimensions at the unit 
than at the hospital level, as seen from the intraclass correlations (Table 4.1). The results indicate that all 
three work environment dimensions deserve the attention of human resources management to secure 
better outcomes. The pronounced effects of the dimensions of promotion of care quality and managerial 
support for nurses at both the nursing unit and the hospital level point to a need for leaders from bedside 
to boardroom to further develop managerial skills and share goals for achieving positive health care 
environments. Front-line, middle and upper managers need to move toward an integrated vision on 
promotion of care quality in tune with the workforce. As shown by our empirical findings, at the unit level, 
nurses should partner up with physicians. The multivariate multilevel probit model allowed for a flexible 
hierarchical correlation structure. We found a positive correlation matrix among the three burnout 
variables. This varied across countries, but was stable across hospitals and nursing units within a specific 
country. There is a large body of literature that has described the relationship between burnout and work 
environment. Although some of them used different measure instruments, they came up with similar 
findings. Melchior et al. (1997) analyzed the relationship between burnout and work environment at 
nurse level and nursing unit level separately. They found significant relationships at each level. However, 
their modeling is not very efficient (separate analysis for each level) and suffers from a small sample size 
at the nursing unit level. Van Bogaert et al. (2009) explored the nursing unit level relationship between 
work environment dimensions and burnout using a 2-level linear mixed model for each of the three 
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burnout dimensions separately. They found significant relationships for all environment coefficients. 
O'Mahony (2011) studied the relationship between work environment and two burnout dimensions 
(emotional exhaustion and depersonalization), and found a significant correlation through simple linear 
regressions. Liu et al. (2012) analyzed data from South China using a logistic regression model and 
concluded that improving the unit level work environment from poor to better leads to a moderate (33% 
decrease in job-related emotional exhaustion. All studies mentioned used an RN4CAST-like 
operationalization of the work environment and burnout. As can be inferred in the results part, our 3-
variate 4-level probit model detected similar findings as previous works at the nursing unit level. 
However, we provide more detailed information, also at higher levels, i.e. hospital and country levels. 
Stepping back from what this article adds, it is not free from statistical, practical and conceptual 
limitations. First, we encountered multicollinearity between dimensions of the work environment. This 
multicollinearity could be due to specific items of different dimensions correlating highly, rather than the 
whole dimensions. A confirmatory factor analysis (CFA) is needed to study the factor structure underlying 
these items. The four-level RN4CAST data structure would require a more complicated multilevel CFA to 
detect the potentially different factor structure in each level. Such approach requires the application of 
new goodness-of-fit tests for verifying the statistical assumptions made at the different levels of the 
hierarchy. This analysis was beyond the scope of this study. Second, the Bayesian multivariate multilevel 
probit model included no fixed effects in the correlation structure among the three burnout dimensions, 
although adding covariates is theoretically possible. In practice, such models with both fixed and random 
effects in correlation structure causes rather slow convergence and needs to be improved further. 
A third possible limitation is that country was treated as a random effect throughout this paper. 
However, since country is not chosen at random (in contrast to hospital and nursing unit), we could have 
assumed that it has a fixed effect, involving an index variable for each country. In studies that involve 
multiple levels, researchers should be cautious of four types of fallacies that potentially arise when the 
methods fail to fit the conceptual model (Diez-Roux, 1998). Ecological fallacies arise when drawing 
inferences at the individual level based on group-level data. Atomistic fallacies occur when drawing 
inferences at the group level based on individual level data. Ecological and atomistic fallacies are both 
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types of inferential fallacies that can be overcome by ensuring that the data collected match the level at 
which inferences are to be made, as was accomplished by the design of the RN4CAST project. The 
psychological fallacy would arise when ignoring the relevant group-level covariates in a study of individual 
level outcomes. In this article we have considered the nursing unit, hospital and country level variability in 
the relationship under study. Fourth, the sociological fallacy would arise when ignoring the role of 
individual level factors in a study of groups. This brings us to a fourth potential limitation of the study. We 
have shown that social contexts shape burnout experiences among nurses by including group-level 
variables. By not including possible confounding individual level variables like nurses' age and gender, it 
might appear that we have perpetuated the idea that burnout experiences are absolutely socially 
determined rather than leaving room for individual determinants. Combining group-level and individual-
level covariates in the proposed models is methodologically challenging. It would be meaningful in future 
papers to analyze the joint impact of social context and individual characteristics on burnout experiences. 
As described in the study sample section, the RN4CAST project accommodated within the 
framework of a strict hierarchy. A fifth potential limitation is that it is plausible that, although 
participating nurses strictly worked in the sampled nursing unit and hospital, both covariates and 
outcomes may be conditioned through social processes operating between nursing units in hospitals. Last, 
excluding Sweden from the final analysis may be considered misleading and inefficient. We therefore did 
a sensitivity analysis to see the influence of the Swedish data on the model estimates. These tests consist 
of three models which are: the hospital level univariate random effects model with country as the random 
effects, the country level univariate regression and the nurse leve univariate random effects model with 
country and hospital as the random effects. All these models were ran using both datasets with and 
without Swedish data to detect differing estimates. The difference was minimal, and the estimates from 
the two data sets for all the three models were close, both for fixed and random effects. 
4.5 Conclusions 
Nurse work environment dynamics are related to nurses' burnout experiences at both the nursing 
unit and the hospital level. The correlation structure among the three burnout outcomes varies across 
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countries, but is stable between hospitals within countries and between nursing units within hospitals. 
The findings provide a motivation for nurses and physicians within nursing units to partner up and for 
nurse leaders from bedside to boardroom to further develop their managerial skills. There is a clear need 
toward an integrated vision on promotion of care quality in tune with the workforce. The results also 
imply that, in evaluating health care organizations, researchers should sample the different levels of the 
organization under study and maintain this structure in analyzing the data. 
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Appendix 
A. Univariate simple multilevel probit model 
Let Znuhc be one of the three latent normally distributed responses, representing the nth nurse, 
within the uth nursing unit, the hth hospital and the cth country. This variable expresses the true burnout 
feeling of the nurse. It is assumed that for Znuhc > 0, burnout is expressed on a manifest scale indicated by 
Ynuhc = 1, otherwise 0. 
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B. Multivariate multilevel probit model 
For a better understanding, we first introduce the classical multivariate probit model (MVP) (single-
level structure). The classical MVP has been widely studied by many researchers with different theories 
and solutions, see e.g. Bock and Gibbons (1996), Chib and Greenberg (1998), Lawrence et al. (Lawrence, 
Bingham, Liu, & Nair, 2008). Here we adopt Bock and Gibbons' solution of factor modeling which is 
formally defined as follows: 
NiNNF
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010
 6
 
HH
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(2) 
where in our three-variate case, Zi is a 3×1 vector of latent continuous responses at the ith observation, 
with the same definition of latent variable as in the univariate case. The vectors of regression coefficients 
0E  and 1E , and the vector of factor loadings 0O  are of length 3, corresponding to the three outcomes. 
The common factor Fi serves to model the correlations of the three outcomes in combination with the 
covariance structure of the residuals iH , H6 . We assumed that this covariance matrix is diagonal (errors 
independent). The covariance matrix of the random part, i.e. HOOHO 6  TiiF 000 )cov( , is called 
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the factor analytic representation of the covariance which can reproduce any 3×3 covariance matrix by an 
appropriate choice of 
0O  and H6 . Note that here the covariance matrix equals the correlation matrix 
because the variances are assumed to be one. This model assumes that the correlation matrix is the same 
across all countries, hospitals and nursing units, which might be not a realistic assumption. In order to 
vary the correlation across countries one could replace 
iF0O  by ic F)( 0 OO  , whereby cO  changes with 
country. In this way there are as many correlation matrices as countries. We can further extend this 
expression to let the correlation vary also with hospital and nursing unit resulting in a term 
nuhcuhchcc F)( 0 OOOO  . In this way we have a different correlation matrix for each nursing unit. 
Because of the large number of nursing units (2,087) we have assumed that for cO , hcO  and uhcO , each 
has a  normal distribution with mean zero and a variance to be estimated, which reduces drastically the 
number of parameters to estimate but also expresses that we do expect that the correlations across 
nursing units, hospitals and countries do not vary wildly. 
We then implemented the four-level structure into the MVP model. This is defined as follows 
(similar notation as in the univariate multilevel probit model in appendix A): 
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(3) 
In this model, all observed and latent variables have a multilevel structure with multiple subscripts 
defined in the same way as before. The covariates are partitioned into three parts, as was done in the 
univariate model. There are three random intercepts vectors corresponding to the three higher levels for 
each outcome, as well as the three random factor loadings. As the factor is introduced to model the 
correlations among the three outcomes, the varying factor loadings imply a varying correlation structure. 
Restrictions are needed to render the model identifiable, which are of the same type as above. 
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Abstract 
This study integrates previously isolated findings of nursing outcomes research into an explanatory 
framework in which care left undone and nurse education levels are of key importance. A moderated 
mediation analysis of survey data from 11,549 patients and 10,733 nurses in 217 hospitals in eight 
European countries shows that patient care experience is better in hospitals with better nurse staffing 
and a more favorable work environment in which less clinical care is left undone. Clinical care left undone 
is a mediator in this relationship. It is left undone less frequently in hospitals with better nurse staffing 
and more favorable nurse work environments, and in which nurses perform less overtime and are more 
experienced. Higher proportions of nurses with a bachelor's degree reduce the effect of worse nurse 
staffing on more clinical care left undone. 
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5.1 Introduction 
Hospital work environments supportive of professional nursing practice are critically important in 
providing safe, high quality patient care (Aiken et al., 2012, 2014; Kane, Shamliyan, Mueller, Duval, & Wilt, 
2007; McHugh et al., 2013). High-quality care inheres in the interaction of nurses with patients. Hospital 
work environments that are supportive of nursing practice are those in which well-trained nurses have 
the autonomy and time to exercise maximally their professional competences in service to patient care. 
Although the patient safety movement has emphasized systems for avoiding errors of commission in the 
delivery of health care (e.g., marking the wrong eye for surgery), low quality nursing care also inheres in 
the omission of beneficial care (Kalisch, Landstrom, & Hinshaw, 2009). Thus studies in England (Ball, 
Murrells, Rafferty, Morrow, & Griffiths, 2014) and the U.S. (Sochalski, 2004) have shown that units 
evaluated by nurses as having lower quality of care are often those in which required patient care tasks 
are being missed or omitted.  
Kalisch (2006) has delineated nine specific aspects of regularly missed nursing care—ambulation, 
turning, delayed or missed feedings, patient teaching, discharge planning, emotional support, hygiene, 
intake and output documentation, and surveillance—and observes that nursing staff typically attribute 
their omission to factors that are indicative of organizational deficiencies, including too few staff, poor use 
of existing staff resources, delays in nursing intervention, poor teamwork, and ineffective delegation, 
habit and denial (Kalisch, Doumit, et al., 2013; Kalisch, Tschannen, & Lee, 2011). 
In this paper, we elaborate the role of the provision of nursing care—specifically, the amplitude of 
nursing care tasks that are left undone—on the relationship between the nursing work environment and 
care as perceived by patients. This has two aspects. 
First, we measure the extent to which nursing care that is left undone mediates the relationship 
between the organization of hospital nursing and patient assessments of the quality of their in-hospital 
care. The direct association between patient assessments and two key elements of the organization of 
hospital nursing, patient-to-nurse ratios and the character of the nurse work environment, is well-
attested  (Aiken et al., 2012; Kutney-Lee et al., 2009; Vahey et al., 2004; You et al., 2013). The recent 
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Registered Nurse Forecasting (RN4CAST) study (Sermeus et al., 2011), conducted in 12 European 
countries, demonstrates that although necessary care activities are frequently omitted in the nursing care 
process, this happens less often in hospitals with more favorable work environments, lower patient-to-
nurse ratios, lower proportions of nurses performing non-nursing tasks (Ausserhofer et al., 2013) and 
lower proportions of nurses working overtime (Griffiths et al., 2014). The study by Griffiths et al. also 
shows that overtime is associated with nurses' reports of poor or failing patient safety and poor or fair 
quality of care. Researchers in the U.S. have found that working overtime is associated with an increased 
likelihood of making errors, an effect that is stronger with longer shifts (Rogers, Hwang, Scott, Aiken, & 
Dinges, 2004). Patient satisfaction decreases with extended shifts, and nurses are also at a higher risk of 
burnout (Stimpfel, Sloane, & Aiken, 2012). Patients recognize when needed care is omitted (Kalisch, 
McLaughlin, & Dabney, 2012), and patients' reports of missed care correlate with adverse events and 
converge with nurses' reports of missed care (Kalisch, Xie, & Dabney, 2013). We show that relationships 
similar to those observed in the U.S.—from nursing organization and the extent of work left undone to 
patient care assessment—obtain in the European data as well.  We then decompose the association 
between nursing organization and patient care assessment into the direct relationship and the portion 
that is mediated by the provision of nursing care. In particular, we establish the dimensions of missed 
nursing care that figure most prominently in the path to lower patient care assessments. 
Second, we specify and measure how the importance of tasks left undone, as an intervening 
variable, is moderated by the effects of the educational level of hospital staff nurses. Previous analyses of 
RN4CAST study data have shown a significant association between better educated nurses and lower 
patient mortality (Aiken et al., 2014), a result also found in comparable data for the U.S. (Aiken et al., 
2011). However, these data did not show a direct effect of education on patient experiences with care 
(Aiken et al., 2012). This may be because organizations with a better educated nurse workforce will 
increase the productivity, in the sense of allocating tasks more efficiently across the available labor 
supply. We know that similar interactions have been observed elsewhere—for example, that increases in 
staffing (quantity labor factors) are less productive in deleterious nursing work environments than in good 
work environments (Aiken et al., 2011). Our analytic model thus emphasizes the synergy between nursing 
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education and nurse staffing. Nurses educated to at least a bachelor's degree may be better able to 
mitigate the negative impacts of constraints posed on nurse staffing within a hospital (Griffiths, Maben, & 
Murrells, 2011). Nurse staffing levels will interact with nurse education in their effect on care left undone 
and patient evaluations of care. It is in this sense that nursing education is a moderating factor (Baron & 
Kenny, 1986; James & Brett, 1984).  
5.2 New contribution 
Process variables explaining why the organization of nursing care impacts care outcomes have long 
been theorized, but their effects have not been empirically tested through the application of appropriate 
statistical techniques. Advances in multilevel mediation and moderation analysis allow us to better 
represent statistically the evolving theory. Using quality measures that are the basis for public reporting 
of patients' assessments of their hospital experience and for hospital value based purchasing in the U.S., 
we now provide evidence on the interrelationship between the structure, the process and patient 
outcomes of nursing care. We also provide decision-makers with evidence of the joint effect of nurse 
workload and education levels on the completion of necessary nursing care.  
5.3 Method 
5.3.1 Study design 
We analyze the cross-sectional RN4CAST study data from countries in which surveys of both nurses 
and patients on general surgical and internal medicine units were collected in 2009-2010.  As Table 5.1 
shows, data are available for 11,549 patients and 10,733 nurses in 217 hospitals in eight countries 
(Belgium, Finland, Germany, Greece, Ireland, Poland, Spain and Switzerland). Patients rated the quality of 
their care. Nurses provided information on nursing care in their hospital, their wellbeing, their last shift 
and staff characteristics. For both the nurse and patient surveys, a rigorous translation procedure and 
cultural adaptation of items was undertaken (Squires et al., 2012, 2013). The full data collection  protocol 
is described by Sermeus et al. (2011). 
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Table 5.1. Hospitals, patients and nurses sampled in eight European countries 
Country Number of hospitals Number of nurses Number of patients 
Belgium 60 2,866 2,623 
Finland 32 1,131 1,947 
Germany 12 504 244 
Greece 24 367 847 
Ireland 10 486 285 
Poland 30 2,605 4,136 
Spain 15 1,181 470 
Switzerland 34 1,593 997 
Total 217 10,733 11,549 
 
5.3.2 Measures 
5.3.2.1 Patient experiences with hospital care (outcome variables) 
Patients' overall ratings of the hospital and their willingness to recommend the hospital to friends 
and family, two global items derived from the U.S. Hospital Consumer Assessment of Healthcare Providers 
and Systems (HCAHPS) survey (Darby, Hays, & Kletke, 2005), are used as measures of patient experiences 
with care. Both measures are re-scaled to reflect the empirical densities of responses and the modal 
response categories used by patients. Ratings of the hospital from 0 (worst) to 10 (best) were 
dichotomized to contrast ratings of 0-8 versus 9-10. For recommending the hospital to family and friends, 
we contrasted respondents who would definitely recommend the hospital with respondents who had 
reservations about doing so ('probably yes', 'probably no', 'definitely no') (Aiken et al., 2012; Jha, Orav, 
Zheng, & Epstein, 2008).  
5.3.2.2 Organization of nursing care (main explanatory variables) 
Nurse staffing is calculated as the mean number of patients assigned to nurses on their last shift. 
The nurse work environment is defined by organizational characteristics that facilitate or constrain 
professional nursing practice, using the 32-item Practice Environment Scale of the Nursing Work Index 
(PES-NWI). This measure consists of five subscales of items rated on a 4-point scale, with responses 
ranging from 'strongly disagree' to 'strongly agree' (Lake, 2002). The mean of four subscales is used to 
calculate a composite nursing work environment score (Aiken et al., 2012). The four subscales reflect 
'collegial nurse-physician relations', 'nurse participation in hospital affairs', 'nursing foundations for 
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quality of care' and 'nurse manager ability, leadership, and support of nurses'. A fifth subscale, which 
measures 'staffing and resource adequacy,' was not included as it overlaps empirically with the direct 
measure of nurse staffing we employ in our models. The concept of non-nursing tasks performed is 
measured from nurses' responses about the extent ('never', 'sometimes', or 'often') to which they had 
performed non-nursing tasks during their last shift. Responses are categorized as 'often' versus 'never' or 
'sometimes'. Overtime was measured from nurses' answers to whether or not they had worked beyond 
their contracted hours on the last shift they worked. We also employ measures of nurses' type of 
employment (full-time, part-time) and years of experience as a nurse.  
5.3.2.3 Nursing care left undone (mediating variables) 
Our construct of nursing care left undone is based on nurses' reports of tasks that were left undone 
on their last shift due to lack of time, from a list of 13 nursing activities. Exploratory factor analysis was 
used to examine the dimensions of care left undone. Two dimensions emerged (comparative fit 
index=.98; Tucker-Lewis Index=.95; root mean square error of approximation=.050; standardized root 
mean square residual=.035). The first factor contains seven items (adequate patient surveillance, skin 
care, oral hygiene, pain management, treatments and procedures, administering medication on time, 
frequently changing the patient's position) that reflect clinical nursing care activities left undone. The 
second factor consists of five items that reflect planning and communication activities left undone 
(comfort/talk with patients, educating patients and family, preparing patients and families for discharge, 
developing or updating nursing care plans/care pathways, planning care). The item 'adequately 
documenting patient care' did not have a significant loading on any of these factors and was therefore 
excluded. We evaluated measurement invariance of this factor solution across the eight countries, 
applying progressively more stringent constraints in multiple group confirmatory factor analysis (Chen, 
2007; Meredith, 1993). We found evidence of configural (invariant factor loading pattern), metric 
(invariant factor loadings) and scalar invariance (invariant factor intercepts) of the factor solution (Horn & 
McArdle, 1992). This implies that scores can be compared across countries.  
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5.3.2.4 Nurse education levels (moderating variable) 
Nurse education was measured by the percentage of nurses in the hospital that had obtained at 
least a bachelor's degree. This information was available from the nurse survey.  
5.3.2.5 Hospital structural characteristics (confounding variables) 
Data on hospital characteristics were provided by the hospital management using their own 
institutional record systems. We distinguished hospitals with respect to size (number of beds), teaching 
status (teaching hospital or non-teaching hospital) and technology level (with open heart surgery, organ 
transplantation or both defining high technology hospitals).  
5.3.3 Statistical analysis 
Nurse and patient survey data and administrative data on hospital structural characteristics are 
linked through common identifiers at the country and hospital level. For patients, the original data 
structure with patients nested within hospitals within countries is preserved, and outcomes are 
observable at the individual level. These are linked with aggregated (hospital-level) measures of the main 
explanatory, mediating, moderating and confounding variables derived from the nurse survey and the 
administrative data. For the outcome measures of patients ratings of their hospital and willingness to 
recommend it, percentages of missing values were low: respectively, 4.3% (n=498) and 4.5% (n=555). The 
rates of missing data values from the patient survey are similar to rates in the nurse survey data. Since 
missing values were evenly distributed across hospitals and since these data were aggregated to the 
hospital level, this was not of concern in the statistical analyses. 
To frame the mediation analysis (Baron & Kenny, 1986; MacKinnon, Fairchild, & Fritz, 2007) we 
estimate the associations between (a) the main explanatory variables and the outcomes; (b) the main 
explanatory variables and the hypothesized mediating variables; and (c) the hypothesized mediating 
variables and the outcomes while also including the main explanatory variables. Statistical techniques and 
practical examples of (multilevel) mediation and moderated mediation models have recently been 
extensively discussed in organizational sciences. This study uses the framework proposed by Preacher, 
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Rucker and Hayes (2007). To account for the clustering of patients within hospitals within countries, our 
computational model includes three levels. We apply a multilevel (random intercepts) mediation model to 
analyze whether the two dimensions of care left undone mediate the relationship between hospital-level 
patient-to-nurse ratios and nursing work environments and patient experiences with care. We then 
specify a multilevel moderated mediation model to evaluate whether the indirect effect of patient-to-
nurse ratios on patient experiences with care through the amount of care left undone remains similar 
across hospitals with different nurse education levels. The direct effect of care left undone on patient 
outcomes remains constant. The variables involved in the interaction analysis are group-mean centered, 
meaning that they deviate around the country mean (Enders & Tofighi, 2007). In all models, we control 
for hospital size, teaching status and technology level. 
Mplus Version 7.2 was used for this study (Muthén & Muthén, 2012). The three-level models were 
estimated using Bayesian methods, which are imposed by the statistical software for estimating this type 
of models. This is the first report using multilevel moderated mediation models to estimate the 
relationship between nursing organization of care and patient outcomes. This technique, including model 
fit evaluation, is discussed in more detail in the Appendix. Our method of model fit evaluation was used 
previously in the context of Bayesian analysis in nursing outcomes research (Bruyneel et al., 2014). 
5.4 Results 
5.4.1 Descriptive findings 
Table 5.2 displays descriptive statistics for the main explanatory variables, hypothesized mediators 
and patient assessments of care. The means and ranges are estimated from hospital-level data and show, 
for example, that nurses in the 60 hospitals in Belgium reported an average of 1.79 clinical care activities 
left undone, and that the average ranges from .66 to 3.32 across the 60 hospitals. Most of these 
descriptive findings have been extensively discussed in previous work (Aiken et al., 2012, 2014; Aiken, 
Sloane, Bruyneel, Van den Heede, & Sermeus, 2013; Ausserhofer et al., 2013; Griffiths et al., 2014),  but 
the variation in nurse-reported care left undone requires additional comment. In all countries but Greece, 
the average number of planning and communication activities left undone is higher than the average 
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number of clinical care activities left undone, despite being measured by two fewer items. On average, 
Greek nurses' reports on clinical care left undone by far exceed those of other countries, while German 
nurses report the highest average number of planning and communication activities left undone. Relative 
to the other countries in this study, Switzerland and Finland are on average rather low on both 
dimensions of care left undone. Like the other explanatory variables and outcomes included in this 
analysis, both dimensions of care left undone vary substantially across countries and across hospitals in 
each country. 
5.4.2 Effects of organization of nursing care to patient experiences with care and clinical care left undone 
Table 5.3 displays the findings from the regression analysis preceding the mediation analysis. The 
first step shows that patients report better experiences with care in hospitals with more favorable nursing 
work environments and lower patient-to-nurse ratios. Performing non-nursing tasks, years of experience, 
type of employment and performing overtime did not relate to patient assessments of care. Step two 
shows that more favorable work environments, lower patient-to-nurse ratios and performing less 
overtime significantly relate to fewer clinical nursing care tasks left undone and fewer planning and 
communication activities left undone. Fewer clinical care tasks left undone is also associated with more 
years of experience, while fewer planning and communication activities left undone related to nurses 
performing fewer non-nursing tasks. There was no interaction between any of these variables that 
explained missed nursing care. Step three shows that clinical care left undone is associated with patient 
ratings of their hospitals and their willingness to them, while planning and communication activities left 
undone is not. Only significant effects will be included in the mediation analysis. Thus, while clinical care 
activities left undone will be hypothesized to mediate the effect of more favorable work environments 
and lower patient-to-nurse ratios on better patient experiences with care, type of employment will not be 
included in the model since it does not relate to patient assessments of care or to the hypothesized 
mediators of care left undone. 
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5.4.3 Mediation effects 
Table 5.4 shows the regression coefficients estimated in the mediation analyses. The amount of 
clinical care left undone partially mediates the effects of patient-to-nurse ratios and work environment on 
patients recommending the hospital. It also partially mediates the effect of patient-to-nurse ratios on 
patient ratings of their hospitals, and fully mediates the effect of work environments on patient ratings of 
their hospitals. This can be seen from the non-significant association between work environment and 
patient ratings of their hospitals. 
5.4.4 Moderated mediation effects 
Table 5.5 provides the estimated regression coefficients from the moderated mediation models for 
the two patient outcomes, which extends the mediation analyses by introducing nurse education level as 
a moderating variable. Clinical care left undone mediates the effect of nurse staffing levels on both 
patient outcomes differently depending on the proportion of nurses trained to a bachelor's degree. The 
significant interaction effect in the upper part of Table 5.5 indicates that the effect of having higher 
hospital patient-to-nurse ratios on clinical care left undone is smaller in hospitals with higher proportions 
of nurses with at least a bachelor's degree. These findings of moderated mediation are illustrated in the 
path diagram in Figure 5.1. This graphical representation follows the example of first stage moderated 
mediation described by Edwards and Lambert (2007). The lower part of Table 5.5 shows that the extent to 
which clinical care left undone mediates the effect of nurse staffing is conditional on nurse education 
levels. The conditional indirect effect is statistically significant only for hospitals with lower than average 
nurse education levels. The mediation effect with regards to nursing work environment found previously 
was included in the moderated mediation analysis and remained stable. As described in the Appendix, 
model fit was acceptable. 
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5.4.5 Sensitivity analysis 
Several sensitivity analyses were performed to evaluate these findings. First, we tested for 
configural similarity of our construct relations across levels (Chen & Bliese, 2005). We aggregated the 
main covariates, mediators and moderator to the nursing unit level (n=887), rather than the hospital level, 
and again linked them to patient experience data using common unit identifiers. Significance tests and the 
direction of effects were consistent with the hospital-level analysis. This suggests that our theory and 
findings are homologous across levels. Second, results were also consistent when we used the original 
values for staffing and education in the moderated mediation analyses instead of group-mean centered 
values. Third, all analyses that included nurse education levels were repeated omitting the two countries 
with no variation in nurse education across hospitals (Germany and Spain). Omitting the two countries did 
not alter our findings. 
5.5 Discussion 
Nursing- and patient-oriented health services researchers should align the theoretical basis for 
their research with appropriate statistical techniques (Griffiths, 2009; Levy, Landerman, & Davis, 2011b; 
Mark, Hughes, et al., 2004; Mark, 2006). This paper responds to those calls by empirically testing a more 
Figure 5.1. Path diagram illustrating the effect of nurse education on the relationship between patient-to-nurse ratios on 
patient experiences with care through clinical care left undone 
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comprehensive conceptualization of the mechanisms underlying the association between patient 
experiences with care and the organizational context of nursing care. Our findings showed that higher 
patient-to-nurse ratios, worse work environments and higher proportions of nurses working overtime 
lead to more clinical care activities left undone as well as more planning and communication activities left 
undone. Previous reports using the RN4CAST study data have shown that nurses all over Europe report 
having performed non-nursing care and tasks below their skill level during their last shift (Bruyneel et al., 
2013). Our findings suggest that, partly as a consequence of this, planning and communication activities 
are being omitted rather than clinical care activities. Our findings also showed that the omission of 
planning and communication activities, while decidedly more common than the omission of clinical care, 
did not however affect patient experiences. Work by Kalisch et al. (2012) has shown that patients are able 
to partially or fully report on missed nursing care activities that are comparable to the items included in 
our dimension of planning and communication activities. 'Preparing patients and families for discharge' 
was included in their study as 'Discharge planning' (fully reportable) and 'Educating patients and family' as 
'Patient education' (partially reportable). It could be argued that for some items included in the planning 
and communication dimension, it is unclear whether patients recognize them, particularly 'developing or 
updating nursing care plans/care pathways' and 'planning care'. On the other hand, omitting these tasks 
might lead to disorganized patient care, which patients would be able to recognize. Thus our findings 
might suggest that patient recognition of omitted planning and communication activities and their 
consequences does not necessarily result in lower ratings or recommendations of the hospital, whereas 
this is the case with respect to clinical nursing care left undone. Future studies of the expectations of 
patients regarding professional hospital care would help to confirm this.  
Findings on the moderating effect of nurse education suggest that in hospitals with relatively low 
proportions of nurses with at least a bachelor's degree, the positive effect of better staffing on patient 
experiences with hospital care, which occurs partly through reduced clinical care left undone, may be 
undermined. Bachelor prepared nurses have a wider range of skills and competencies and might 
especially increase the productivity of the nursing labor through better planning of nursing care and 
priority setting, which in turn results in lower nursing care activities undone. Important to note is that 
5. A multilevel moderated mediation model to align theory and analysis 
109 
 
nurse education seems not an isomorphic construct across individual and organizational levels. A multi-
country analysis of RN4CAST study data at the individual nurse level showed that nurses with a bachelor's 
degree had higher reports on an overall composite measure of missed nursing care (Ausserhofer et al., 
2013). A U.S. study did not find such association (Kalisch, Tschannen, Lee, & Friese, 2011). Repeating the 
12-country RN4CAST analysis, we also did not find such effects for the organizational construct of nurse 
education, neither when we linked in to an organizational level construct (hospital or nursing unit) of care 
left undone nor when we related it to care left undone at the individual nurse level. Moreover, our 
findings on the interaction between nurse staffing and education also support our belief that evaluating 
such interaction effects leads to more tangible conclusions than studying the effect of the proportion of 
bachelor educated nurses on outcomes in multiple regressions also including nurse staffing, but without 
interaction effect. 
Our findings suggest that patient experiences are an indicator of quality deficiencies in structures 
and processes of nursing care. A reasonable evolution of our findings would be to systematically register 
care activities left undone, to complement the already widely implemented reports on nursing care 
performed. This would provide a more complete understanding of care intensity and productivity, and 
illuminate actionable interventions to improve nurse work environments. Second, quality improvement 
strategies to efficiently allocating nurses' time and resources should be more widely implemented. 
Magnet Recognition is an evidence-based intervention shown to improve nurse work environments and 
produce superior patient outcomes, improved nurse retention, and to have a good return on investment 
to hospitals (Jayawardhana, Welton, & Lindrooth, 2014; McHugh et al., 2013). The Productive Ward - 
Releasing Time to Care programme, which is based on lean methodology, is one strategy that is drawing 
increased attention in this regard. This program aims to provide staff with more time to provide direct 
patient care and offers 15 modules to optimize the organization of patient care (Wilson, 2009). Another 
critically acclaimed frontline project is Transforming Care at the Bedside (TCAB), which also aims to 
increase time spend in direct patient care. TCAB is designed for medical and surgical nursing units in 
hospitals where it aims to empower nurses in redesigning work processes (The Robert Wood Johnson 
Foundation & The Institute for Healthcare Improvement, 2007).   
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Last, this study provides additional support for national and European policy makers to support 
international research agendas that focus on the quality of human capital in health care. Appropriate 
steps need to be taken to increase the proportion of hospital nurses with a bachelor's degree, in line with 
propositions made in the U.S. (Institute of Medicine (U.S.) Committee on the Robert Wood Johnson 
Foundation Initiative on the Future of Nursing at the Institute of Medicine, 2011).  
Our findings and policy implications assume that the associations we have uncovered are causal, 
though firm evidence of this is lacking since the data employed are cross-sectional. Omitted variable bias 
may have occurred by not including elements of nurse wellbeing, which has also been shown to link with 
the main explanatory variables used in this study and with patient assessments of care. We also did not 
study whether the same effects persist across morning, day and night shifts, or across shifts with different 
lengths. While random effects were included for the hospital and country level, we cannot conclude that 
all findings could exactly be replicated in each country individually. 
5.6 Conclusions 
This is the first study to explicate within an integrative theoretical and statistical framework that 
patient assessments of care comprise a critical overview of both the structure and process of nursing care. 
It is shown that less clinical care activities left undone and higher proportions of bachelor-prepared nurses 
exert important effects in patients denoting nursing excellence. These findings reinforce the need for 
nursing management to implement process improvement strategies that aim for nurses spending more 
time on direct patient care. Hospital hiring policies should reflect the growing body of research associating 
bachelor-educated nurses with safe, high quality patient care.   
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Appendix 
A. Three-level mediation model 
The equation for the three-level mediation model equals:  
 ቀ൫௜௝௞ ൌ ͳหǡ ǡܕǡ ܋൯ቁ ൌ ߚ଴ ൅ ࢼ௖்ࢉ௝௞ ൅ ݑ௝௞ ൅ ݑ௞ ൅ ߚ௫ݔ௝௞ ൅ ߚ௭ݖ௝௞ ൅ ࢼ௠் ࢓௝௞ 
ࢼ௠் ൌ ሺߚଵǡ ߚଶሻǡ ࢓௝௞ ൌ ሺ݉ଵ௝௞ǡ݉ଶ௝௞ሻ் 
ݑ௝௞̱ܰ൫Ͳǡ ߪ௛௢௦௣௜௧௔௟ଶ ൯ǡ ݑ௞̱ܰ൫Ͳǡ ߪ௖௢௨௡௧௥௬ଶ ൯ǡ 
݉ଵ௝௞ ൌ ߛଵ଴ ൅ ߛଵ௫ݔ௝௞ ൅ ߛଵ௭ݖ௝௞ ൅ ߝଵ௝௞ 
݉ଶ௝௞ ൌ ߛଶ଴ ൅ ߛଶ௫ݔ௝௞ ൅ ߛଶ௭ݖ௝௞ ൅ ߝଶ௝௞ 
ߝଵ௝௞̱ܰሺͲǡ ߪ௠ଵଶ ሻǡ ߝଶ௝௞̱ܰሺͲǡ ߪ௠ଶଶ ሻǡ 
where ௜௝௞ represents the binary score measured on patient ݅ from hospital ݆ in country ݇. The link 
function is probit() which corresponds to the inverse of the cumulative distribution function of the 
standard normal distribution. ݔ௝௞ is the nurse staffing variable at the hospital level with coefficient ߚ௫. ݖ௝௞ 
is the measure of nursing work environment at the hospital level with coefficient ߚ௭. ࢓௝௞ represents the 
two potential hospital-level missed nursing care mediators with coefficient vector ࢼ௠. ࢉ௝௞ represents the 
vector of all other hospital-level covariates included with ࢼ௖ the coefficient vector. ݑ௝௞ and ݑ௞ represent 
the random effects at the hospital level and country level respectively. In the models of the mediators, ݔ௝௞ 
and ݖ௝௞ are included with the coefficients ߛ௫ and ߛ௭ respectively. 
Replacing ݉ଵ௝௞ and ݉ଶ௝௞, we get: 
 ቀ൫௜௝௞ ൌ ͳหǡ ǡܕǡ ܋൯ቁ 
ൌ ߚ଴ ൅ ࢼ௖்ࢉ௝௞ ൅ ݑ௝௞ ൅ ݑ௞ ൅ ߚ௫ݔ௝௞ ൅ ߚ௭ݖ௝௞ ൅ ࢼ௠் ࢓௝௞
ൌ ߚ଴ ൅ ࢼ௖்ࢉ௝௞ ൅ ݑ௝௞ ൅ ݑ௞ ൅ ߚ௫ݔ௝௞ ൅ ߚ௭ݖ௝௞ ൅ ߚଵ݉ଵ௝௞ ൅ ߚଶ݉ଶ௝௞
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ൌ ሺߚ଴ ൅ ߚଵߛଵ଴ ൅ ߚଶߛଶ଴ሻ ൅ ࢼ௖்ࢉ௜௝௞ ൅ ݑ௝௞ ൅ ݑ௞ ൅ ሺߚ௫ ൅ ߚଵߛଵ௫ ൅ ߚଶߛଶ௫ሻݔ௝௞ ൅ ሺߚ௭ ൅ ߚଵߛଵ௭ ൅ ߚଶߛଶ௭ሻݖ௝௞
൅ ሺߚଵߝଵ௝௞ ൅ ߚଶߝଶ௝௞ሻ 
ߚ௫ is the direct effect of ݔ and ߚଵߛଵ௫ and ߚଶߛଶ௫ are its indirect effects via the hospital-level mediators ݉ଵ 
and ݉ଶ respectively. Similarly, ߚ௭ is the direct effect of ݖ and ߚଵߛଵ௭ and ߚଶߛଶ௭ are its indirect effects via 
݉ଵ and ݉ଶ respectively. 
B. Three-level moderated mediation model 
The equation for the three-level moderated mediation analysis equals: 
 ቀ൫௜௝௞ ൌ ͳหǡǡǡ ܋൯ቁ ൌ ߚ଴ ൅ ࢼ௖்ࢉ௝௞ ൅ ݑ௝௞ ൅ ݑ௞ ൅ ߚ௫ݔ௝௞ ൅ ࢼ௠் ࢓௝௞ ൅ ߚ௪ݓ௝௞ ൅ ߚ௫௪ݔ௝௞ݓ௝௞ 
௝݉௞ ൌ ߛ଴ ൅ ߛ௫ݔ௝௞ ൅ ߛ௪ݓ௝௞ ൅ ߛ௫௪ݔ௝௞ݓ௝௞ ൅ ߝ௝௞ǡ 
where ௜௝௞ represents the binary score measured on patient ݅ from hospital ݆ in country ݇. ݔ௝௞ is the nurse 
staffing variable at the hospital level with coefficient ߚ௫. ࢓௝௞ represents the two potential hospital-level 
missed nursing care mediators with coefficient ߚ௠. ݓ௝௞ is the hospital-level moderator with the 
coefficient ߚ௪. ߚ௫௪ is the interaction effect of ݔ௝௞ and ݓ௝௞. ࢉ௝௞ represents the vector of all other hospital-
level covariates included with ࢼ௖ the coefficient vector. ݑ௝௞ and ݑ௞ represent the random effects at the 
hospital level and country level respectively. In the model of the mediator ௝݉௞, covariates ݔ௝௞ , ݓ௝௞ and 
their interaction are included with the respective coefficients ߛ௫ , ߛ௪ and ߛ௫௪ . 
Replacing ௝݉௞, we get: 
 ቀ൫௜௝௞ ൌ ͳหǡǡǡ ܋൯ቁ ൌ ߚ଴ ൅ ࢼ௖்ࢉ௝௞ ൅ ݑ௝௞ ൅ ݑ௞ ൅ ߚ௫ݔ௝௞ ൅ ߚ௠ ௝݉௞ ൅ ߚ௪ݓ௝௞ ൅ ߚ௫௪ݔ௝௞ݓ௝௞
ൌ ሺߚ଴ ൅ ߚ௠ߛ଴ሻ ൅ ࢼ௖்ࢉ௝௞ ൅ ݑ௝௞ ൅ ݑ௞
൅ ൫ߚ௫ ൅ ߚ௫௪ݓ௝௞ ൅ ߚ௠ߛ௫ ൅ ߚ௠ߛ௫௪ݓ௝௞൯ݔ௝௞ ൅ ሺߚ௪ ൅ ߚ௠ߛ௪ሻݓ௝௞ ൅ ߚ௠ߝ௝௞ 
ߚ௫ ൅ ߚ௫௪ݓ௝௞ is the direct effect of ݔ with ߚ௫௪ݓ௝௞ the moderator effect, while ߚ௠ߛ௫ ൅ ߚ௠ߛ௫௪ݓ௝௞ is its 
indirect effect with ߚ௠ߛ௫௪ݓ௝௞ the moderator effect in the first path. 
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C. Model fit evaluation 
The default non-informative priors in Mplus (Muthén & Muthén, 2012) were used, that is, a normal 
prior of mean zero and variance 5 for all ߚ parameters (ߚ଴ǡ ࢼ௖்ǡ ߚ௫ǡ ߚ௭ǡ ࢼ௠் ǡ ߚ௪Ǥ ߚ௫௪), a normal prior of 
mean zero and variance ͳͲଵ଴ for all ߛ parameters (ߛ଴ǡ ߛ௫ǡ ߛ௭ǡ ߛ௪ǡ ߛ௫௪), and an improper inverse gamma 
prior which corresponds to a uniform distribution of ሺͲǡ൅λሻ for all variance parameters 
(ߪ௛௢௦௣௜௧௔௟ଶ ǡ ߪ௖௢௨௡௧௥௬ଶ ǡ ߪ௠ଵଶ ǡ ߪ௠ଶଶ ). Given the large sample size, the priors are not very crucial in our case. The 
convergence of all parameters is assessed by the potential scale reduction factor (PSRF) (Gelman & Rubin, 
1992) which should be smaller than .01 for all parameters in the model. Model fit was evaluated by using 
the mixed posterior predictive check (PPC) suggested by Marshall and Spiegelhalter (2003). The mixed 
PPC first generates the predictive values for the random effects. The final PPC (uses mean as discrepancy 
function) is subsequently based on the posterior estimates of the fixed effects and the predictive values of 
the random effects. This is said to be able to overcome the overoptimistic problem of the classic PPC that 
is based on the posterior estimates of all effects for hierarchical models. We obtain posterior predictive p-
values (PPp) for each of the 32 PES-NWI items within each nursing unit. From this, we generate quantile-
quantile (QQ) plots of the PPps for each item across all nursing units against the uniform distribution of 
(0,1). A uniform distribution suggests an acceptable model fit. As displayed in Figure 5.2 , the QQ plots did 
not violate the uniform distribution. 
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Figure 5.2. Bayesian multilevel model fit evaluation 
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6 BAYESIAN MULTILEVEL MIMIC MODELING FOR STUDYING MEASUREMENT 
INVARIANCE IN CROSS-GROUP COMPARISONS 
 
This chapter is published as: 
Luk Bruyneel, Baoyue Li, Allison Squires, Sara Spotbeen, Bart Meuleman, Emmanuel Lesaffre and Walter 
Sermeus. Bayesian multilevel MIMIC modeling for studying measurement invariance in cross-group 
comparisons Medical Care 2014 [Epub ahead of print]. 
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Abstract 
Background: Recent methodological advancements should catalyze the evaluation of measurement 
invariance across groups, which is required for conducting meaningful cross-group comparisons. 
Objective: The aim of this study was to apply a state-of-the-art statistical method for comparing latent 
mean scores and evaluating measurement invariance across managers' and frontline workers' ratings of 
the organization of hospital care. 
Methods: On the 87 nursing units in a single institution, French speaking and Dutch-speaking nursing unit 
managers' and staff nurses' ratings of their work environment were measured using the multidimensional 
32-item practice environment scale of the nursing work index (PES-NWI). Measurement invariance and 
latent mean scores were evaluated in the form of a Bayesian 2-level multiple indicators multiple causes 
model with covariates at the individual nurse and nursing unit level. Role (manager, staff nurse) and 
language (French, Dutch) are of primary interest. 
Results: Language group membership accounted for 7 of 11 PES-NWI items showing measurement 
noninvariance. Cross-group comparisons also showed that covariates at both within-level and between-
level had significant effects on PES-NWI latent mean scores. Most notably, nursing unit managers, when 
compared with staff nurses, hold more positive views of several PES-NWI dimensions. 
Conclusions: Using a widely used instrument for measuring nurses' work environment, this study shows 
that precautions for the potential threat of measurement noninvariance are necessary in all stages of a 
study that relies on survey data to compare groups, particularly in multilingual settings. A Bayesian 
multilevel multiple indicators multiple causes approach can accommodate for detecting all possible 
instances of noninvariance for multiple covariates of interest at the within-level and between-level jointly. 
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6.1 Introduction 
Self-report instruments are frequently used to detect and explain differences between (sub)groups 
of respondents. A primary methodological issue with this kind of comparative research is that the 
measurement instrument may not function invariantly across the comparative groups. Measurement 
invariance pertains to the extent to which respondents across groups perceive and interpret the content 
of survey instrument items in the same way. Findings of differences between individuals and groups 
cannot be unambiguously interpreted if evidence of measurement invariance is lacking (Byrne & Watkins, 
2003; Horn & McArdle, 1992; Vandenberg & Lance, 2000). Measurement invariance is predominantly 
studied in a structural equation modeling framework. By testing the equality of parameters of the 
measurement models for the respective comparison groups, researchers can study the comparability of 
measurements. A first approach to study these levels of measurement invariance in a structural equation 
modeling framework is through a multiple group confirmatory factor analytic (MGCFA) model. MGCFA 
entails the simultaneous analysis of ≥2 measurement models (Joreskog & Goldberger, 1975). Within this 
framework, several levels of measurement invariance are distinguished. Configural invariance pertains to 
identical factor structures across groups. Metric invariance refers to the equality of factor loadings across 
groups. Scalar invariance additionally requires equality of factor loadings and intercepts (thresholds for 
ordered categorical indicator scores) across groups (Meredith & Teresi, 2006; Meredith, 1993; Steenkamp 
& Baumgartner, 1998). A second approach is to study measurement invariance in the form of a multiple 
indicators multiple causes (MIMIC) model (Joreskog & Goldberger, 1975; B. O. Muthén, 1989). This 
technique is also referred to as confirmatory factor analysis (CFA) with covariates, as ≥1 group variables 
are treated as covariates. This model involves a single measurement model and input matrix. In a mimic 
model, cross-group comparisons are performed by including group membership as a covariate in the 
model. A significant effect of group membership on the latent variable indicates that the factor means are 
different for different levels of the covariates. Measurement invariance is then examined by estimating 
direct effects from a covariate on a manifest variable. A covariate with a direct effect on a manifest 
variable indicates that that manifest variable is not invariant across the levels of the covariate. Advantages 
of the MGCFA model over the MIMIC model are that it is more flexible in that it allows more parameters 
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to represent noninvariance. The MIMIC model is, however, more parsimonious and better suited for 
analyses where the researcher considers many covariates jointly. Other advantages of MIMIC modeling 
are that it can accommodate continuous predictors and usually has smaller sample size requirements 
than MGCFA (Brown, 2006). 
Health services researchers have previously advocated for the incorporation of measurement 
invariance detection techniques in a study's analytic strategy (Borsboom, 2006; Teresi, 2006). With few 
exceptions (Cherepanov et al., 2011; Jones, 2006; Reeve et al., 2007; Rodriguez & Crane, 2011), such 
evaluations have, however, remained notably absent from the literature. Nonetheless, recent 
advancements in computational statistics for measurement invariance evaluation have greatly enhanced 
the feasibility of studies focusing on this important part of psychometric evaluation of measurement tools 
in fields like health services research. These advances have introduced important concepts that extend 
statistical techniques for measurement invariance evaluation to a multilevel (Asparouhov & Muthén, 
2012) and Bayesian (B. O. Muthén & Asparouhov, 2012) framework. This is of significant relevance to 
health services research, where study designs often involve complex survey data. Health services 
researchers should therefore feel encouraged to incorporate statistical techniques that detect 
measurement invariance in their work. 
The focus of this study is the case of managers' and frontline workers' views about features of the 
organization of hospital care. Studying measurement invariance is illustrated using a state-of-the-art 
statistical approach in the form of a Bayesian 2-level MIMIC model. 
6.2 Methods 
6.2.1 Study Sample 
We analyze a convenience sample of one large non-academic Belgian hospital entity consisting of 
118 patient care units. The study utilized extensively validated instruments from the Registered Nurse 
Forecasting (RN4CAST) study, a large European nurse workforce study (Sermeus et al., 2011). Dutch and 
French versions of the questionnaire, with translations previously validated (Squires, Aiken, et al., 2012), 
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were distributed to all 118 nursing unit managers and their staff nurses. A nursing unit manager is defined 
as a registered nurse who is largely responsible for administratively and clinically managing the nursing 
staff on a single nursing unit. Only responses from units where both the manager and staff responded to 
the survey are included in this analysis. Eighty-seven of 118 nurse managers completed the questionnaire 
(75.0% response rate). On these 87 nursing units, 821 of 1,159 staff nurses completed the questionnaire 
(70.8% response rate). The final dataset consists of 908 observations. 
6.2.2 Measures 
Nursing unit managers' and staff nurses' perceptions of the nursing work environment were 
measured using the practice environment scale of the nursing work index (PESNWI). This instrument 
consists of 32 statements measured on a 4-point Likert scale anchored between 1='completely disagree' 
to 4='completely agree'. In the factor analytic stage of the development of the PES-NWI, 5 dimensions of 
the nursing work environment were proposed. These include collegial nurse-physician relations; nurse 
managerial abilities, leadership, and support of nurses; nurse participation in hospital affairs; nursing 
foundations for quality of care; and staffing and resource adequacy (Lake, 2002). 
6.2.3 Statistical Methods 
First, we obtained the intraclass correlation (ICC) coefficient for the 32 PES-NWI items. This reflects 
the proportion of a single variable's variance that can be accounted for by each level. From this, we 
calculated the design effect as ɔ ൌ ͳ ൅ ሺത െ ͳሻ כ , where n equals the average group size. Twenty-
four of 32 items had a design effect >2, which indicates that the clustering in the data needs to be taken 
into account during estimation (Muthén & Satorra, 1995). 
Second, we adopted a 2-level exploratory factor analytic model (EFA) to understand the factor 
structure underlying the PES-NWI items. The multilevel approach accounts for nurses being clustered in 
nursing units. We obtained a clear interpretable and parsimonious EFA solution. The within-level part of 
the model describes the factor structure for how the nurses' PES-NWI item perceptions covary within 
nursing units. The 6 within-level factors are: career development and opportunities (3 items), collegial 
nurse-physician relations (7 items), nurse staffing (2 items), frontline nurse management (2 items), 
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support for nurses (4 items), and nursing foundations for quality of care (4 items). Ten of 32 items are not 
included in any within-level dimension. The between-level part of the model describes the factor 
structure for how the nursing unit PES-NWI item means covary. The between-level factors are: career 
development, opportunities, and support for nurses (11 items), collegial nurse-physician relations (7 
items), and frontline nurse management, nurse quality foundations, and staffing and resources adequacy 
(11 items). Thus, at the nurse level, several underlying dimensions are more clearly manifested than at the 
nursing unit level, where more general factors appear. The only exception is the factor of collegial nurse-
physician relations, which is identical at both levels. Evaluation of good EFA model fit between the 
hypothesized model and the observed data was based on the work of Hu and Bentler (1999). 
Third, we evaluated latent mean scores and measurement invariance of the PES-NWI across ratings 
provided by staff nurses and their managers. Jak et al. (2010) advise researchers investigating 
measurement bias to include as many possible violator variables as available. Next to role (1=manager, 
0=frontline worker), covariates included in the analysis are nurses' language (0=French, 1=Dutch), degree 
(0=diploma degree, 1=bachelor degree), type of employment (0=part-time, 1=full-time), migratory status 
(0=domestically trained, 1=foreign trained), and sex (0=female, 1=male). For this reason, a mimic model is 
preferred over MGCFA because it can include many covariates jointly. However, as a preliminary step, 
using MGCFA, we conducted tests of configural and metric invariance for the suggested EFA factor 
solution for the values (groups) of the 6 covariates separately in order for the MIMIC model, which only 
studies a higher level of invariance (threshold invariance), to be meaningful. Findings provided evidence 
of configural and metric invariance. Model fit evaluation was based on Chen's (2007) suggestions on 
changes allowed in goodness-of-fit indexes when testing for invariance at different levels. Next, we 
specify a 2-level confirmatory factor analytic (CFA) model based on findings from the EFA model. Last, the 
MIMIC model is established by regressing the latent and observed variables from the CFA model on 
covariates. An effect of any of the 6 covariates on any of the 6 PES-NWI latent variables would indicate 
that the latent variable mean is different for different levels of the covariate. A direct effect of any of the 
6 covariates on any of the 32 PES-NWI items, over and above the indirect effect via the factors, would 
indicate that a particular item does not behave the same for different levels of the covariate. Again, we 
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apply a multilevel approach that accounts for nurses being clustered in nursing units. The equation for the 
multilevel MIMIC model is: 
࢟௜௝כ ൌ ࡮࢞௜௝ ൅ Ꮙ஻ࣁ௝ ൅ ࢛௝ ൅ Ꮙௐࣁ௜௝ ൅ ࢿ௜௝ǡ 
ࣁ௜௝ ൌ ࢣ࢞௜௝ ൅ ࢾ௜௝ǡ 
ࣁ௝̱ܰሺͲǡߑ஻ሻǡ ࢛௝̱ܰ൫Ͳǡ ݀݅ܽ݃ሺߪ௨ଵଶ ǡ ߪ௨ଶଶ ǡǥ ǡ ߪ௨௉ଶ ሻ൯ǡ 
ࢾ௜௝̱ܰሺͲǡ ߑ௪ሻǡ ࢿ௜௝̱ܰሺͲǡ ࡵ௉ሻǡ 
(6.1) 
where ࢟௜௝כ  represents a vector of P items coming from the ݅th nurse in the ݆th nursing unit. It is the 
underlying continuous measure of the observed ordinal response ࢟௜௝ with the following relationship (let 
ݕ௜௝
௣ and ݕ௜௝
כ௣ represent the ݌th element in ࢟௜௝ and ࢟௜௝כ  respectively):  
ݕ௜௝
௣ ൌ
ە
ۖ
۔
ۖ
ۓͳǡ݂݅ݕ௜௝
כ௣ ൏ ߙଵ
௣
ʹǡ ݂݅ߙଵ
௣ ൏ ݕ௜௝
כ௣ ൏ ߙଶ
௣
͵ǡ ݂݅ߙଶ
௣ ൏ ݕ௜௝
כ௣ ൏ ߙଷ
௣
Ͷǡ݂݅ߙଷ
௣ ൏ ݕ௜௝
כ௣
 
where ߙs are the thresholds. B is a ܲ ൈ ܳ matrix of the direct effects associated with the ܳ-dimensional 
vector ࢞௜௝, while ߁ is a ݉ௐ ൈ ܳ matrix of the indirect effects associated with the same ܳ-dimensional 
vector ࢞௜௝ where ݉ௐ is the number of common factors at the nurse level. ࣁ௝ is the ݉஻-dimensional 
nursing unit level common factor following a multivariate normal distribution with mean zero and a 
covariate matrix ߑ஻, and Ꮙ஻ is its ܲ ൈ݉஻  loading matrix with ݉஻ the number of common factors at the 
nursing unit level. ࣁ௜௝ is the ݉ௐ-dimensional nurse level common factors with a multivariate normal 
distribution with mean zero and a covariance matrix ߑ௪, and Ꮙௐ is its loading matrix with a ܲ ൈ݉ௐ 
dimension. ࢛௝ is the P-dimensional random intercept with independent normal distribution for each 
element with mean zero and a variance ߪ௨௣ଶ , while ߝ௜௝ is the P-dimensional residual, each element of 
which follows a standard normal distribution. 
We adopted a Bayesian structural equation modeling approach for the proposed multilevel MIMIC 
model (Equation 6.1) (Muthén & Asparouhov, 2012). Measurement invariance for the PES-NWI has not 
been previously investigated. Freeing one parameter at a time may lead to a long search, whereas 
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allowing all direct effects from the 6 covariates to the 32-factor indicators to be freely estimated in a 
frequentist analysis, the model would not be identified. A Bayesian approach provides an alternative in 
that it identifies the model by introducing informative small-variance priors in the measurement part 
(cross-loadings in the CFA model) as well as in the structural part (direct effects from the covariates to the 
factor indicators). 
Following an example of Bayesian MIMIC analysis by Muthén and Asparouhov (2012), normal priors 
with mean zero and variance .01 for all cross-loadings and variance .04 for the direct effects are 
considered a good starting point for the proposed MIMIC model. Smaller variances may produce worse 
model fit values and larger variances may lead to nonidentification. Similar to Muthén and Asparouhov 
(2012), we therefore studied sensitivity in the results by varying the cross-loadings from .01 to .10 for our 
data. Except for the direct effects and cross-loadings, the default noninformative priors in Mplus were 
used (Muthén & Muthén, 2012). Model fit was evaluated by using the mixed posterior predictive check 
(PPC) suggested by Marshall and Spiegelhalter (2003). The mixed PPC first generates the predictive values 
for the random effects. The final PPC (uses mean as discrepancy function) is subsequently based on the 
posterior estimates of the fixed effects and the predictive values of the random effects. This is said to be 
able to overcome the overoptimistic problem of the classic PPC that is based on the posterior estimates of 
all effects for hierarchical models (Marshall & Spiegelhalter, 2003) We obtain posterior predictive p-values 
(PPp) for each of the 32 PES-NWI items within each nursing unit. From this, we generate quantile-quantile 
(QQ) plots of the PPps for each item across all nursing units against the uniform distribution of (0,1). A 
uniform distribution suggests an acceptable model fit. All statistical analyses were conducted using Mplus 
version 7 (Muthén & Muthén, 2012) except for model fit evaluation, which was performed by the Markov 
Chain Monte Carlo software JAGS (Plummer, 2003) on the Markov Chain Monte Carlo data extracted from 
the Mplus output. 
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6.3 Results  
6.3.1 Sample Characteristics  
The response rate at the unit level varied from 23.1% to 100%. Seventy-eight of 87 nursing units 
had a response rate >50%. The number of staff nurses per nursing unit varied from 3 to 27 (mean = 9.4, 
median = 9). Table 6.1 displays the personal characteristics for nursing unit managers and staff nurses. 
The majority of nurses was female, spoke French, had obtained a bachelor degree, were domestically 
educated in Belgium, and worked full-time. A considerably higher proportion of nursing unit managers, 
when compared with staff nurses, worked full-time. 
Table 6.1 Sample Characteristics 
Parameter  Nurse managers (n=87) Staff nurses (n=821) 
Language French 
Dutch 
Missing 
 
75.86% (n=66) 
24.14% (n=21) 
- 
86.36% (n=709) 
13.64% (n=112) 
- 
Degree Diploma degree 
Bachelor degree 
Missing 
 
5.75% (n=5) 
90.80% (n=79) 
3.45% (n=3) 
18.76% (n=154) 
74.06% (n=608) 
7.19% (n=59) 
Type of employment Part-time 
Full-time 
Missing 
 
8.05% (n=7) 
91.95% (n=80) 
- 
38.37% (n=315) 
58.95% (n=484) 
2.68% (n=22) 
Migratory status Domestically trained 
Foreign trained 
Missing 
 
98.85% (=86) 
1.15% (n=1) 
- 
85.38% (n=701) 
10.23% (n=84) 
4.38% (n=36) 
Gender Female 
Male 
Missing 
89.66% (n=78) 
9.20% (n=8) 
1.15% (n=1) 
83.43% (n=685) 
13.89% (n=114) 
2.68% (n=22) 
 
6.3.2 The MIMIC Model  
First, we describe model fit evaluation for the proposed Bayesian multilevel MIMIC model as this 
determined model selection. For our initial model described above, 9 of the 32 PES-NWI item QQ plots 
violated the uniform distribution with p-values <.05. We therefore included aggregated nursing unit level 
covariates to the MIMIC model. We estimated both the effects of these covariates to the 3 between-level 
PES-NWI latent variables as well as the effects to the 32 items in the between-level part of the model. 
Covariates included are the nursing unit level proportion of: nurses with a bachelor degree, nurses 
speaking Dutch, nurses working full-time, foreign trained nurses, and male nurses. We also controlled for 
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the size of the nursing unit (number of nurses in the nursing unit). For this new model, only 2 PES-NWI 
item QQ plots violated the uniform distribution with p-values slightly below .05, as displayed in Figure 6.1. 
This suggests that this model performed better than the initial model with within-level effects to the PES-
NWI latent variables and items only. The sensitivity analysis for this model with both within-level and 
between-level effects suggested that the hypothesized pattern of cross-loadings did not substantially 
differ for changes in the prior variance (Table 6.2). 
Figure 6.1 Bayesian 2-level MIMIC model with covariates at the within-level and between-level. QQ plots of the PPps for 
each PES-nWI item across all nursing units against distribution of (0,1) 
MIMIC indicates multiple indicators multiple causes. PES-NWI, Practice Environment Scale of the Nursing Work Index; PPps, posterios predictive p-values; QQ, 
quantile-quantile plots. 
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Table 6.2 Bayesian two-level MIMIC model with covariates at the within-level and between-level: effects of using 
different variances for the informative priors of the cross-loadings and direct effects 
   Within level  Between level 
Prior 
variance 
95% 
cross-
loading 
limit 
Items with a 
significant 
posterior 
predictive p-
value 
Significant 
cross-
loadings 
Significant 
effect on PES-
NWI items 
Significant 
effects on PES-
NWI latent 
variables 
 
Significant 
cross-
loadings 
Significant 
effect on PES-
NWI items 
Significant 
effects on PES-
NWI latent 
variables 
Cross-loading (direct effect fixed at .04)        
.01 .20 2 27 12 5  1 0 4 
.02 .28 2 25 9 5  1 0 3 
.03 .34 3 26 10 5  1 0 3 
.04 .39 3 25 9 4  1 0 3 
.05 .44 2 25 9 4  1 0 3 
.06 48 1 26 10 4  1 0 3 
.07 .52 2 25 9 4  1 0 3 
.08 .55 0 25 9 4  1 0 3 
.09 .59 1 25 9 4  1 0 3 
.10 .62 1 24 8 4  1 0 3 
Direct effect (cross-loading  fixed at .01)        
.01 .20 3 29 3 7  1 2 4 
.02 .28 3 28 6 5  1 0 4 
.03 .34 2 27 8 5  1 0 4 
.04 .39 2 27 12 5  1 0 4 
.05 .44 2 27 12 5  1 0 4 
.06 .48 0 26 12 5  1 0 4 
.07 .52 3 27 12 5  1 0 4 
.08 .55 2 27 11 5  1 0 4 
.09 .59 1 27 13 5  1 0 4 
.10 .62 2 27 12 4  1 0 4 
 
The number of identified effects from the covariates on the PES-NWI items and PES-NWI factors 
remained stable when the priors for the direct effects had at least a variance of 04 and cross-loadings 
were fixed at .01. For this reason, the final model was a Bayesian multilevel MIMIC model with covariates 
at the within-level and between-level and prior variances of .01 and .04 for the cross-loadings and direct 
effects, respectively. The coefficients for this model were standardized using the variances of the 
continuous latent variables. Findings should be interpreted as the change in y in y SD units when x 
changes from 0 to 1 (Muthén & Muthén, 2012). Significant effects, meaning that the Bayesian credibility 
interval did not cover 0, are marked with an asterisk. The findings for the CFA part of the MIMIC model 
are displayed in Table 6.3. Inclusion of the covariates did not cause distortion in the solution. The upper 
part of Table 6.4 shows the effects of the covariates to the latent mean scores. At the within-level, nursing 
unit managers perceived 4 of 6 latent nurse work environment variables significantly more positive than 
staff nurses. Foreign trained nurses had significantly higher ratings of career development and 
opportunities than domestically trained nurses. Similarly, at the between-level, in nursing units with a 
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higher proportion of foreign trained nurses, there were higher ratings on career development, 
opportunities, and support for nurses. The inverse is true for nursing units with a higher proportion of 
nurses working fulltime. Further in these units, nurses tend to give lower scores on the factor of frontline 
nurse management, nurse quality foundations, and staffing and resources adequacy. Nurses in units with 
a higher proportion of male nurses in general had better perceptions of collegial nurse-physician 
relations. The lower part of Table 6.4 showed evidence of measurement noninvariance for 11 PES-NWI 
items. There were 12 instances of direct effects from the covariates to the PESNWI items at the within-
level, of which 7 related to language group membership. The interpretation is as follows. For example, the 
negative direct effect of the item 'Adequate support services allow me to spend time with my patients' on 
the covariate language means that for a given factor value, Dutch-speaking nurses have a lower 
probability of agreeing to this item than French-speaking nurses. No evidence of measurement 
noninvariance was found at the between-level. These estimates are not included in Table 6.4.  
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6.4 Discussion 
6.4.1 Findings on Measurement Invariance 
We demonstrated a process of measurement invariance evaluation in a cross-sectional study by 
applying a modern statistical technique to a widely used instrument for measuring nurses' work 
environments. A multilevel MIMIC analysis in a Bayesian framework revealed evidence of measurement 
noninvariance. Our main interest lies in evaluating the impact of measurement noninvariance in 
interpreting the 4 PES-NWI latent means for which nurse managers have significantly higher scores than 
staff nurses. As derived by Sass (2011) from the work of Cheung and Rensvold (1999) and Millsap and 
Kwok (2004), there are 3 appropriate options for how to deal with noninvariant measures: (a) only use the 
invariant items; (b) apply a partial measurement invariance model; (c) assume that for the items 
exhibiting measurement noninvariance, the differences are too small to influence the results and proceed 
using all the items. Sass states that "option 'c' is feasible when the degree of measurement noninvariance 
is minimal and the majority of items are invariant". For the 4 factors of interest, the ratings for all PES-
NWI items were invariant across frontline workers and managers. We therefore conclude that the 4 latent 
means for which nurse managers have higher scores than staff nurses represent true differences, 
meaning that nurse managers have a higher probability of holding more positive views of career 
development and opportunities, collegial nurse-physician relations, support for nurses, and nursing 
foundations for quality of care. 
6.4.2 Clinical Relevance 
Many valuable insights about the organizational dynamics behind nursing role implementation in 
the acute care setting have resulted from research on nurses' work environment using the PES-NWI. Good 
hospital work environments are associated with higher rates of nurse wellbeing (Aiken et al., 2012), 
superior patient experiences with hospital care (Aiken et al., 2012; Kutney-Lee et al., 2009), and lower 
patient in-hospital mortality (Aiken et al., 2011; McHugh et al., 2013). This study extends nursing work 
environment research by using the instrument among nurse managers for the first time and 
simultaneously evaluating measurement invariance of the instrument across ratings provided by nurse 
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managers and staff nurses. In this study we found evidence of differences in staff nurses' and nursing unit 
managers' perceptions of the nursing work environment. That finding supports similar research in other 
fields that cites a disconnection between management and frontline workers. Other hospital-based 
organizational research analyzing both frontline workers' and managers' views also indicates the 
importance of consulting both frontline staff as well as managers in organizational decision making. For 
example, Price et al. (2007) showed that clinical nurses and their managers offered divergent views of 
deficiencies in quality improvement implementation. Studies including several types of hospital staff 
found that managers overall, when compared with frontline workers, have a more positive perception of 
the patient safety climate (Singer, Falwell, Gaba, & Baker, 2008) and perceive greater improvements in 
patient safety culture but lower improvements on the timeliness of care delivery (Parand et al., 2011). 
Our findings support endeavors to better understand the roots of differing views between nursing unit 
managers' and staff nurses' perceptions of their work environment and other organizational features of 
hospital care. Highly divergent views between frontline workers and management could destabilize work 
places, contribute to negative work environments, increase turnover rates, and could ultimately hinder 
any possible solutions and strategic direction to issues raised by frontline nurses to management. In 
addition, we found statistically significant differences in PES-NWI ratings across males and females, 
domestically and foreign trained nurses, and fulltime and part-time working nurses. This indicates that 
action plans on improving work environments should be tailored for specific groups. 
6.4.3 Limitations 
There are a number of methodological challenges that could affect the interpretation of our 
findings. First, with regard to the interpretation of the EFA model, we used Hu and Bentler's (1999) 
recommendations for cut-off values; however, there is still disagreement in setting acceptable levels of fit 
in goodness-of-fit indexes (Marsh, Hau, & Wen, 2004). Second, although our factor analytic models 
provided clearly interpretable factors, 2 of our factors consisted of 2 indicators only. To encompass the 
scope of the construct, Tabachnick and Fidell (Tabachnick & Fidell, 1983) recommend at least 3 indicators 
per factor as the interpretation of the factor defined by <3 variables might be hazardous. It has, however, 
also been stated that 2 items per factor can be sufficient and this is widely applied (Kenny & McCoach, 
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2003). More important is that the number of included items encompasses the scope of the construct 
(Bandalos & Finney, 2010). Although specifying only 2 variables per factor does not necessarily affect 
model identification, it might be preferable to have a larger number of variables per factor to better 
encompass the scope of the work environment construct. For the factor 'nurse staffing', only the 2 items 
that clearly referred to having enough nurses had high factor loadings. In Lake's development of the PES-
NWI factor loadings for these 2 items were also much higher than factor loadings for the other 2 items. 
The same is true for the 2 items with highest salience on the factor of 'frontline nurse management'. 
Although the conceptual interpretation for these factors can be viewed as perfect subfactors of Lake's 
original factors, both might benefit from adding additional items. 
6.4.4 Recommendations for Research 
Two important recommendations emerge from this study for both analytic methods in cross-
sectional organizational analyses and cross-cultural research. First, the presence of language-specific 
measurement noninvariance is of particular interest. Health services researchers examining measurement 
invariance across language groups for other survey instruments previously reported considerable 
evidence of measurement noninvariance (Jones, 2006; Ramirez, Teresi, Holmes, Gurland, & Lantigua, 
2006). Ramirez et al (2006) specifically pointed to the need for "qualitative methods to address the 
conceptual adequacy and equivalence of items within and across populations". Such extensive cross-
cultural content validation is exactly what the survey instruments underwent in the RN4CAST study (from 
which the questionnaires used in this study originated). In that study, the translation process standardized 
the interpretation of the items across all 12 participating countries (Squires et al., 2013). A translation 
manager was appointed to ascertain high standards of instrument translation that reduce item bias. In 
addition to forward and back translation techniques (Brislin, 1970), dissimilarity of constructs was 
assessed in the investigated countries through the application of content validity indexing procedures. 
This means that expert review panels evaluated cross-cultural relevance, including translation, of the 
survey instruments, allowing the research team to correct translations as appropriate. Our findings on 
measurement noninvariance across language groups indicate that, despite this process, additional efforts 
to reduce measurement noninvariance should be considered. An additional tool for examining 
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measurement invariance worth considering in studies that could be affected by cultural dynamics is the 
technique of anchoring vignettes (King, Murray, Salomon, & Tandon, 2004). These are descriptions of 
hypothetical people or situations included in data collection. Anchoring vignettes provide a common scale 
of measurement, which could account for response category differences. As such, they improve the 
problems of interpersonal and cross-cultural incomparability in survey research. Anchoring vignettes are 
highly recommended for health services research (Johnson, 2006) and positive experiences with this 
technique have been reported by various authors (Salomon, Tandon, & Murray, 2004; Van Soest, Delaney, 
Harmon, Kapteyn, & Smith, 2011). Second, mainly researchers interested in country comparisons have 
studied the effect of higher level covariates in explaining measurement noninvariance. For example, 
cross-cultural researchers recently used data from the European Social Survey in 26 countries and 
demonstrated how measurement noninvariance can be explained by including country-level covariates in 
multilevel structural equation modeling (Davidov, Dulmer, Schluter, Schmidt, & Meuleman, 2012). In our 
study, including both within-level and between-level covariates improved model fit. Although between-
level covariates did not show evidence of measurement noninvariance, there were instances of significant 
effects on latent mean scores. For these reasons, we recommend that researchers explore the effects of 
both within-level and between-level covariates in evaluating measurement invariance and latent mean 
scores.  
In summary, if measurement invariance is evaluated, meaningful cross-group comparisons can be 
made with greater confidence. A number of innovative methods for studying measurement invariance 
have recently been developed for use with popular statistical software. A Bayesian approach allows for 
comprehensively evaluating measurement invariance. Applying this technique to the most widely used 
instrument for measuring nurses' work environment, this study mainly found evidence of measurement 
noninvariance across language groups. These findings underscore the importance of a rigorous translation 
procedure and cultural adaptation of survey instruments. We hope our application of a method to assess 
measurement invariance will encourage health services researchers to take on the challenge of applying 
appropriate statistical techniques to explicitly test the suitability of their analysis to the study's design and 
implementation challenges. 
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If there is one guaranteed conversation in hospitals, it is the shortage of staffing and growing 
concerns about the quality of patient care. The Registered Nurse Forecasting study (RN4CAST) quantified 
the institutional variation in nurse staffing, nurse education and the quality of nurse work environments. 
Rigorous pan-European analyses have shown that such variation in the organization and practice of 
nursing is associated with variation in nurse wellbeing, nurse perceived quality, patient satisfaction and 
patient mortality. This PhD study demonstrated that bringing advanced methodological rigor to research 
linking nursing and outcomes yields new original knowledge and understanding in this field. Summarized 
below are the main findings, avenues for further research, and policy implications. 
7.1 What this PhD study adds to what was known 
The first three thematic chapters of this PhD study extend our knowledge and articulate more 
clearly the mechanisms of recently introduced concepts linking the organization and practice of nursing to 
nurse wellbeing and patient outcomes. Several advancements have been made.  
Our first thematic chapter provided new insights into the concept of non-nursing tasks. First, very 
high proportions of nurses in Europe reported having performed non-nursing tasks and other tasks below 
their skill level during their last shift. This was later also evidenced in the South African branch of RN4CAST 
(Bekker, Coetzee, Klopper, & Ellis, 2014). Second, our study is unique in its focus on migratory status of 
nurses as one possible explanatory variable of reports on performing tasks below skill level. This analysis 
was instigated by two factors. First, anecdotal evidence suggest that foreign-trained nurses more often 
practice below their skill level compared to domestically trained nurses. Second, around the time of the 
RN4CAST study, WHO adopted the ground-breaking Global Code of Practice on the International 
Recruitment of Health Personnel. This instrument includes a specific section on the equal employment of 
domestically trained and foreign trained health workers. Our study provides evidence that foreign-trained 
nurses from developing countries are particularly vulnerable to inefficiencies in the organization of 
nursing care. Using a three-level analytic approach with nurses clustered in hospitals within countries, we 
showed that this issue is largely consistent across institutions within health systems and across health 
systems.  
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The second chapter of this PhD study is unique in testing the homology of effects across multiple 
systems levels. Prior to this PhD study, the four-level RN4CAST data structure had not yet been fully 
exploited. Studies had rather passively accounted for the multilevel structure. That is, RN4CAST 
researchers have used multilevel regression techniques to examine how higher level explanatory 
variables, aggregated at one level of the system, impact lower level outcomes. Two recent studies in this 
field have however explicitly tested the similarity of relationships across levels (i.e. homologous effects 
(Chen & Bliese, 2005)). Gabriel, Erickson, Moran, Diefendorff, & Bromley (2013) tested the effects of 
RN4CAST-like nursing work environment components on emotional exhaustion, job satisfaction and 
turnover intentions at the individual and nursing unit level. They showed that these components have 
different effects on these outcomes and that not all effects are homologous across these levels of 
analysis. A study of Italian nurses showed that perceived organizational support affected voluntary 
turnover at the individual and nursing unit level (El Akremi, Colaianni, Portoghese, Galletta, & Battistelli, 
2014). In our study, we confirmed the hypothesis that country, hospital and nursing unit nurse work 
environment dimensions impact nurse burnout dimensions of emotional exhaustion, depersonalization 
and reduced personal accomplishment differently. As expressed in our overview of the patient safety 
literature (Chapter 1), several patient safety experts (Vincent et al., 1998; Waterson, 2009) and health 
services researchers with a specific focus on nursing (Meyer & O'Brien-Pallas, 2010) have called for 
studies testing whether effects are homologous across multiple systems levels. This type of research had 
also been specifically suggested by the developer of the PES-NWI, which is the multidimensional 
instrument that was used in RN4CAST to measure the nursing work environment (Lake, 2002). 
In the third thematic chapter, we extended on the theoretical model of Ausserhofer et al. (2013). In 
their multicountry analysis of RN4CAST nurse survey data, Ausserhofer et al. theorized that inputs of 
nursing are linked with nursing care left undone, which subsequently impacts patient and nurse 
outcomes. This equals the specification of nursing care left undone as a mediator in this model, i.e. it 
explains the relationship between nursing inputs and outcomes. The authors tested the first part of this 
model, which showed that fewer nurses reported leaving nursing care left undone if there are lower 
patient-to-nurse ratios, better work environments for nurses, and when lower proportions of nurses 
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reported carrying out non-nursing tasks. We tested and confirmed the assumption that nursing care left 
undone mediates the relationship between nurse input (nurse staffing, nurse work environment and non-
nursing tasks) and patient experiences with care. This is in line with previous research that showed that 
missed care, a construct that is very similar to nursing care left undone, mediates the relationship 
between nurse staffing and patient falls (Kalisch, Tschannen, & Lee, 2012). In addition, we showed that 
the effect of worse nurse staffing on more care left undone diminishes with an increasing proportion of 
bachelor-prepared nurses. This study is unique in its theory-driven detailed examination of mechanisms 
underlying the relationship between the organization and practice of nursing and patient outcomes.  
A second part of this PhD study related to what should be the inevitable challenge of evaluating 
measurement invariance. This pertains to the comparability of survey findings across groups, over time or 
for different methods of data collection. Researchers in this field have not been sufficiently sensitive to 
the question of measurement invariance in evaluating cross-group comparisons in survey research. Using 
newly collected data in one large hospital entity, we compared nurse managers' and staff nurses' 
perceptions of their work environment, and evaluated whether the difference we observed were true 
differences, or were caused by non-invariant measures. From a substantive point of view, this study is 
unique in showing that managers seem to rate the work environment better than their staff nurses. From 
a methodological point of view, this study is unique in evaluating measurement invariance for within-level 
and between-level covariates jointly. We showed that researchers should especially be cautious in 
comparing findings across language groups. It was also unique in proposing a method for model 
evaluation using posterior predictive p-values (PPP) in our application of Bayesian two-level models. It has 
been recognized as an exemplary paper applying a Bayesian analysis using Mplus (Muthén & Muthén, 
2014). The most recent version (v7.3) of the Mplus software includes posterior predictive p-values (PPP) 
for Bayesian two-level, three-level and cross-classified models.  
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7.2 Avenues for further research 
7.2.1 Decision-points at which nursing inputs affect outcomes 
Many researchers in this domain conclude their study with a closing remark on what patient 
outcomes would look like under different scenarios of input. From the RN4CAST study for example, Aiken 
and colleagues (2014) concluded that patients are almost 30% less likely to die in hospitals in which 60% 
of the nurses had bachelor's degrees and nurses cared for an average of six patients compared to 
hospitals in which only 30% of the nurses had bachelor's degrees and nurses cared for an average of eight 
patients. Using a logistic regression model Schubert, Clarke, Glass, Schaffert-Witvliet and De Geest (2009) 
studied at which levels rationing of nursing care in Swiss hospitals becomes problematic. They showed 
that, already when nurses reported that rationing of care happened rarely, this negatively affected 
nosocomial infections, pressure ulcers and patient satisfaction. Ball et al. (2014) showed that significantly 
more care is being left undone in hospitals where nurses take care of more than 7.4 patients on average. 
As a last example, Tervo-Heikkenen et al. (2008) demonstrated that eight patients per nurse is the cut-off 
point for patient satisfaction. 
Policies that seek an evidence-based approach to improve nurse and patient outcomes through 
nursing delivery system strategies would likely benefit from a larger number of studies that identify 
specific minimum as well as maximum thresholds at which inputs affect outcomes. Staggs and Dunton 
(2014) phrase this issue as 'how much staffing is enough or how much might be too much?'. A similar 
reasoning had previously instigated Zhang, Unruh, Liu & Wan (2006) to search for decision points 
between staffing and quality in nursing homes using non-linear modeling techniques. Using an S-shaped 
production function they searched for the optimum level of production. It was hypothesized that as nurse 
staffing increases, quality first increases at a faster rate (increasing marginal returns), then a slower rate 
(diminishing marginal returns), and finally at some point stops increasing at all (diminishing absolute 
returns). The optimum staffing point is hypothesized to be in the area of diminishing marginal returns. 
They showed that different minimum staffing levels can be set for achieving different levels of quality. At 
a certain level of quality, staffing ratios need to increase less substantively to reach ever higher levels of 
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quality. Non-linear relations have been shown for various outcomes in multiple settings and using 
different analytic techniques in both a frequentist and Bayesian framework. For example, Mark et al. 
(2004) had also found signs of diminishing marginal returns, showing that better nurse staffing decreases 
the mortality ratio for staffing levels up to 4.62 patients per nurse. This corresponded to the 88th 
percentile value in their study sample. Blegen and Vaughn's (1998) findings even demonstrated that if the 
proportion of nurses in the staff mix (including nurses and unlicensed assistive personnel) was higher than 
85%, the rate of adverse patient outcomes increased. Most recently, Pitkäaho, Partanen, Miettinen, & 
Vehviläinen-Julkunen (2014) used a Bayesian dependency model that allowed them to model 
relationships between several categorical variables and a non-linear relationship between nurse staffing 
and patients' length-of-stay in acute care units. 
As evidenced by a large number of studies, many factors beside nurse staffing determine the level 
of quality. Based on this premise that staffing adequacy is more than a single patient-to-nurse ratio, 
Schmalenberg and Kramer (2009) searched for a comprehensive list of factors that influence nurse-
perceived staffing adequacy. Their findings suggested that even with sufficient numbers of nurses, nurses 
may still perceive that staffing is inadequate. It was concluded that success of explaining nurse-perceived 
staffing adequacy is determined by including staff nurses' work environment perceptions. Mark, Salyer & 
Harless (2002) had previously shown that structures such as smaller unit size, lower patient acuity and 
consistent support services are positively associated with nurses' perceptions of adequate staffing. Nurse-
perceived staffing adequacy has also been shown to predict patient outcomes. Tourangeau et al. (2007) 
showed that a 10% increase in nurse-reported staffing adequacy was associated with decreased patient 
mortality rates. Swedish RN4CAST researchers showed that perceived staffing adequacy is also related 
with nurses' perception of patient safety (Smeds Alenius, Tishelman, Runesdotter, & Lindqvist, 2014).  
For these reasons, future efforts using the RN4CAST study data aim to take forward in greater 
detail our understanding of which factors determine nurse-perceived adequate staffing levels, and at 
which level of the system. Its role of both dependent and independent variable opens opportunities for 
theorizing a mediating relationship of nurse-perceived staffing adequacy. Alternatively, it could be 
investigated using a multilevel covariance regression (MCR) model (Li et al., 2014). This is an extension we 
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developed on the basis of our findings in Chapter 4. The MCR model is a Bayesian multivariate multilevel 
factor model that allows for level-specific covariates in the mean structure and covariance matrix of the 
three burnout dimensions. Findings revealed that as nurses' work experience increases, the correlation 
between emotional exhaustion and personal accomplishment also increases (Li et al., 2014). In the case of 
perceived staffing adequacy, it could be of interest to study how the covariance matrix between nurse-
perceived staffing adequacy and patient outcomes depends on explanatory factors. An additional 
perspective may result from the fact that two questions about staffing adequacy were asked (on a four-
point Likert scale): 'Enough staff to get the work done' and 'Enough registered nurses on staff to provide 
quality patient care'. It will be of interest to study if the same explanatory factors are associated with 
these questions, and whether the magnitude of this association is similar. Ultimately, the goal would be to 
isolate the factors that determine quality from nurses' point of view. 
7.2.2 Evaluating cost offsets of nursing system delivery strategies 
The question of which level of quality needs to be targeted and what are the required inputs 
inevitably involves cost considerations when informing decision-makers. Only a limited number of studies 
have investigated the payoff in costs savings from modifying nursing delivery system strategies. The 
groundbreaking studies by Aiken et al. (2002; 2003) and Needleman et al. (2002) that linked nurse staffing 
and education to patient outcomes were followed by analyses of costs and cost savings from increasing 
nurse staffing and nurse education levels. Rothberg, Abraham, Lindenauer, & Rose (2005) concluded on 
the basis of Aiken et al.'s (2002) study that modifying patient to nurse ratios from eight patients per nurse 
to four patients per nurse becomes progressively less cost effective. In terms of costs per life saved, a 
ratio of four patients per nurse would however still be reasonably priced compared to commonly 
accepted interventions such as thrombolytic therapy in acute myocardial infarction and routine cervical 
cancer screening with PAP tests. Two other cost-effectiveness studies evaluated several scenarios that not 
only focused on the economic value of improving patient-to-nurse ratios, but also on education levels. 
Needleman et al. (2006) found that increasing each U.S. hospital below the 75th percentile for the 
proportion of bachelor-prepared nurses to that level (cost of $811 million) pays for itself (net cost of -
$1821 million) when taking into account cost offsets of avoided patient deaths and complications (e.g. 
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urinary tract infections, pneumonia) and reduced length of stay. Based on Aiken et al.'s (2003) findings, 
Newbold (2008) came to similar conclusions. Needleman (2008) also estimated from Aiken's study (2002) 
that economic and social cases for increased nursing can be made from reduced nurse turnover rates that 
would result from better patient-to-nurse ratios. Dall, Chen, Seifert, Maddox, & Hogan (2009) calculated 
that each additional patient care nurse will generate at least 72% of her salary in medical savings. 
Recently, Yakusheva, Lindrooth and Weiss (2014) conducted an economic analysis that supported the 
IOM's recommendation to increase the proportion of bachelor-educated nurses to 80% by 2020 (Institute 
of Medicine (U.S.) Committee on the Robert Wood Johnson Foundation Initiative on the Future of Nursing 
at the Institute of Medicine, 2011). 
Despite this evidence, Palese and Watson (2014) expressed their fear that RN4CAST findings on the 
association of nurse education and workload with patient mortality (Aiken et al., 2014) would be deemed 
too expensive to act upon. Unfortunately, European evidence on the economic value of nursing is scarce. 
Only Van den Heede et al. (2010) expanded on their findings of an association between nurse staffing 
levels and lower mortality rates in Belgian general cardiac postoperative nursing units (Van den Heede, 
Lesaffre, et al., 2009). Using a design similar to that of Needleman et al. (2006), it was concluded that 
increasing nurse staffing levels to the 75th percentile might be a cost-effective intervention when 
compared to other cardiovascular interventions.  
More research in a European setting should evaluate if the quality and safety of patient care can be 
improved in an economical way by increasing nurse inputs. Also, economic evaluations have focused on 
workload and education, while the association between positive work environments and better nurse and 
patient outcomes has also been established across very different health systems. Future economic 
evaluations may therefore want to evaluate the cost of interventions to improve nursing work 
environments. In line with our research findings on differential effects of nursing work environment 
components at the hospital and nursing unit level, such studies should aim to allocate costs to their 
respective system levels. It could be of particular interest to evaluate for example if interventions 
implemented at the nursing unit level can subsequently be applied in other nursing units at diminishing 
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costs. This in itself might then produce multiple level systems theories that lend themselves to further 
development. 
7.2.3 Opportunities in a growing field of research 
Many interpretations of findings linking nursing input to outcomes, including the estimation of 
costs, assume causality of the association. In their systematic review on the association between nurse 
staffing and patient outcomes, Kane et al. (2007) concluded that the arguments for a causal effect are 
mixed and recommended longitudinal studies to be designed. For this reason, researchers at the 
University of Pennsylvania who vice-coordinated the RN4CAST study, initiated RN4CAST-U.S. This 
longitudinal study of panels of hospitals recently received funding from the U.S. National Institute of 
Nursing Research. Its aim is to study associations between changes over time (1999, 2006, and 2014) in 
nursing resources and outcomes for patients. A previous analysis of panel data of 137 Pennsylvania 
hospitals showed lower rates of high burnout levels, intention to leave the present job, and job 
dissatisfaction in 2006 compared to 1999. More detailed analyses showed that hospitals in which nurses 
over time became more satisfied with their work environment, also have favorable changes in these nurse 
outcomes. (Kutney-Lee, Wu, Sloane, & Aiken, 2013). 
Important opportunities also remain from extending this research to non-hospital settings. Nursing 
homes and home healthcare are increasingly the focus of policy efforts to reduce expensive hospital use. 
Relatively few research evidence linking nursing system delivery strategies to outcomes is however 
available for these settings. RN4CAST-U.S. will therefore extend to nursing homes and home health 
agencies using measures similar to those used in hospital studies. Similar research in Europe is needed. 
The RN4CAST study and this PhD study have demonstrated the added value of extending our 
knowledge of the process of nursing care.  However, our measures of nursing care left undone and tasks 
below skill level could be further refined. The MISSCARE survey (Kalisch, Landstrom, & Williams, 2009) 
holds more detailed factors of missed care and looked into additional explanations of missed care, such as 
communication, material resources and labor resources (Kalisch, Terzioglu, & Duygulu, 2012).  
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It might be useful to theorize if other process variables underlie the relationship between nursing 
and outcomes. Dubois et al. (2012) proposed a theoretical model of nursing care organization in which 
the work environment was divided into aspects of the practice environment and aspects related to the 
capacity for innovation. To measure the practice environment, Dubois et al. recommend the PES-NWI, 
which was used in RN4CAST. The five main features that Dubois and colleagues assessed in terms of 
capacity for innovation were based on the work of Kimball, Joynt, Cherner, & O'Neil (2007) and included 
elevated RN role, sharpened focus of care on the patient, mechanisms to ensure smooth patient 
transitions across care settings and links with communities, mechanisms for monitoring results to improve 
performance, and leveraging of technologies. Kimball et al. also identified that "beyond these five 
common elements, successful new care delivery models also share a key lesson for implementation 
success: early and regular involvement of care givers in the design and implementation of new models". 
One model that proposes such bottom-up approach is the Productive Ward - Releasing Time to Care 
program (Wilson, 2009). This program aims to provide staff with more time to provide direct patient care. 
It heavily relies on lean methodology (Womack, Jones, & Roos, 1990) and offers 15 modules to optimize 
the organization of patient care. A recent longitudinal study in a Belgian hospital showed that 
implementing this program may result in improved nurse-physician relations, nurse management at the 
unit level, hospital management and organizational support, and nurses' feelings of personal 
accomplishment (Van Bogaert et al., 2014). Another critically acclaimed frontline project is Transforming 
Care at the Bedside (TCAB), which also aims to increase time spend in direct patient care. TCAB is 
designed for medical and surgical nursing units in hospitals where it aims to empower nurses in 
redesigning work processes (The Robert Wood Johnson Foundation & The Institute for Healthcare 
Improvement, 2007).   
Last, studies should examine which elements in the work environment are important in the 
relationship with process variables such as missed care. Of particular interest are nurse-physician 
relations, which have been found to impact nurse and patient outcomes. Better nurse-reported relations 
between nurses and physicians link to lower patient mortality (Estabrooks et al., 2005; Knaus, Draper, 
Wagner, & Zimmerman, 1986; Mitchell, Armstrong, Simpson, & Lentz, 1989). For outcomes of nurse 
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wellbeing, Bruyneel et al. (2009) showed that better ratings of nurse-physician relationships are 
associated with an increase in the odds of reporting high job satisfaction and better nurse-perceived 
quality of care. This Belgian study confirmed reports from England (Rafferty, Ball, & Aiken, 2001) and 
Iceland (Gunnarsdóttir et al., 2009). Another Belgian study established associations with increased 
intention to stay employed at the current hospital and increased feelings of personal accomplishment 
(Van Bogaert, Clarke, et al., 2009). Finally, Li et al. (2013) used a four-level model to explore the effect of 
nursing unit, hospital, and country-level variability on the relationship between nurses' work environment 
dimensions and nurse burnout. Findings showed that nurse-physician collegial relations affected burnout 
measures at the nursing unit level, but not at the hospital level.  
7.2.4 Measurement invariance evaluation in an cross-country perceptive 
RN4CAST has provided detailed findings on interrelations between explanatory variables of nursing 
organization on the one hand, and nurse and patient outcomes on the other hand. This has offered 
unique insights into the type of nurse workforce policies that are desirable. The RN4CAST experience had 
shown however that mere descriptive findings, between-country comparisons in particular, have also 
received considerable attention from specialist and non-specialist audiences. Particularly patient-to-nurse 
ratios, education levels and the quality of the work environment have often formed the basis of country 
comparisons or rankings. For cross-national comparisons of subjective questions such as the work 
environment items to be valid, all items would need to function in exactly the same way in all 
participating countries.  
Future work should therefore evaluate cross-cultural measurement invariance of nurse work 
environment measures, and examine ways in which individual propensities and cultural context explain 
possible non-invariance. Health services researchers previously recognized that cross-cultural 
measurement strategies will benefit from greater attention to theories of culture that may have 
measurement ramifications. This amounts to 'unpacking culture by means of context variables' 
(Matsumoto & Van de Vijver, 2011). The cross-cultural framework developed by Hofstede (1980) is best-
known for this type of analysis. Hofstede's dimensions reflect work-related values defined at the country 
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level (power distance, individualism, masculinity, uncertainty avoidance, long- versus short-term 
orientation). Country-level scores for these dimensions could thus be merged with the RN4CAST data to 
study whether there are consistent associations between Hofstede's dimensions of national culture and 
the latent work environment constructs captured in the nurse survey. 
7.3 Policy implications 
Following the Institute of Medicine's famous reports on patient safety issues (2000) and quality 
improvement (2001), patient safety research and quality improvement initiatives received massive 
attention. But although great accomplishments have been achieved in the safety field, the rate of 
progress is slow (Wachter, 2010). RN4CAST strengthened the believe that improvements can be made at 
an incremental rate if policy makers and human resources managers would influence the direction of 
travel along a trajectory that recognizes the vital role of nurses in providing safe patient care. RN4CAST 
used its evidence base to inform policy at all levels with the ultimate goal of improving patient care. A 
range of capacity building and knowledge dissemination activities have been offered, including peer-
reviewed manuscripts in the leading medical, nursing and health care policy journals, high-level 
conferences to engage stakeholders, and wide media coverage. Presented below are the implications that 
result from RN4CAST and this PhD study, which are structured around investments in a better educated 
nurse workforce, improved nurse staffing, and improving nursing work environments as levers for 
improving quality of patient care. The starting assumption is that policy makers and human resources 
managers at the very least acknowledge that these characteristics of nursing are modifiable properties of 
a health care organization. 
The priority task that we assign to policy-makers and human resources managers is to place a 
premium on well-educated nurses to secure an optimal contribution of nursing to healthcare delivery. 
There is now well-established evidence in the U.S. as well as in Europe that higher proportions of 
bachelor-prepared nurses are associated with lower patient mortality. As one possible explanation, 
findings from our study linking nurse staffing levels to missed care suggest that a better educated nurse 
workforce may increase the productivity, in the sense of allocating tasks more efficiently across the 
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available labor supply. What should facilitate the debate on nurse education is that an increasing number 
of independent research has shown that education levels can be improved in a cost effective way. It has 
also been repeatedly shown that this strategy is favored over increases in nurse staffing if both scenarios 
are on the table and are mutually exclusive. Although evidence from cost-effectiveness research is not 
available on a large scale in Europe, we believe that these U.S. findings should contribute appropriately to 
the European policy debate. We cling to the hope that EU Member States will take responsibility in this 
area, where the European Commission has chosen not to opt for the most courageous option by allowing 
vocational nurse training after only 10 years of general education. Member States should go through 
debates that touch upon the very design of nurse education. They should take targeted action to improve 
nurse education levels. Such initiative may also be catalytic in designing and developing new ways of 
reconfiguring tasks and roles of nurses and other caregivers across Europe. In the U.S., the IOM's Future 
of Nursing report (2011) aims for 80% bachelor prepared nurses. Health care organizations carry a large 
responsibility for this plan to succeed. They are recommended to encourage lower educated nurses to 
enter bachelor programs within five years of graduation. Incentives include tuition reimbursement among 
others. Researchers have found that this would present a strong business case at the institutional level 
(Yakusheva et al., 2014). Findings from this PhD suggest that, at least in terms of completing necessary 
nursing tasks, benefits would be at their maximum from bringing nurse education levels across 
institutions to the country average. This value neglects potential benefits that increased nurse education 
may have on other outcomes. Two other recommendations from the Future of Nursing report that many 
EU Member States would benefit from are: 1) that nurses should practice to the full extent of their 
education and training – which has been evidenced by this PhD study to be a huge issue in European 
hospitals; and 2) that nurses should engage in lifelong learning. We believe that these might be 
connected, as engagement in lifelong learning may improve the quality and commitment of the nurse 
workforce and stimulate career progression, which in turn could trigger the removal of scope-of-practice 
barriers. A last recommendation that may positively impact the competence level of nurses is the wider 
implementation of preceptor programs for newly hired nurses. Specific programs should be in place for 
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foreign-trained nurses, as many European health systems are becoming more and more reliant on the 
supply of migrant nurses. 
A further priority is to maintain a sufficient number of nurses relative to the number of patients. 
Findings from RN4CAST and this PhD study clearly link nurse staffing to patient mortality, patient 
satisfaction, and nurse productivity. A well-known measure taken against staffing inadequacy are 
mandatory hospital nurse staffing ratios. California is still the only U.S. state that has enacted such 
(unfunded) fixed ratio mandates. There is no doubt that these ratios have increased nurse staffing levels 
over time (Burnes Bolton et al., 2007; Donaldson & Shapiro, 2010; McHugh et al., 2012). Recent findings 
have also shown that this improvement did not come at the cost of an increased proportion of vocational 
nurses (who generally cost less) (McHugh et al., 2012), a fear that had previously been expressed 
(Coffman, Seago, & Spetz, 2002). However, fixed ratios remain highly controversial, as several experts 
raised concerns or provided evidence (mostly using a before and after study design) about the bad fit 
between fixed ratios and the variability in the intensity of care delivery (de Véricourt & Jennings, 2008), 
high costs (Coffman et al., 2002; Welton, 2007), absence of evidence on increased nurse job satisfaction 
(Spetz, 2008) and improve nurse-sensitive patient outcomes (Burnes Bolton et al., 2007; Cook, Gaynor, 
Stephens, & Taylor, 2012; Donaldson & Shapiro, 2010; Sochalski, Konetzka, Zhu, & Volpp, 2008), hiring 
younger, less experienced nurses because they are cheaper (Griffiths, 2009), deteriorated decision-
making control (Chapman et al., 2009), and a decrease of other ancillary staff (Chapman et al., 2009; 
Griffiths, 2009) with the risk of nurses performing more non-nursing care tasks (Coffman et al., 2002; 
Welton, 2007). Alternative methods that might be worth considering, but for which evidence is also 
lacking, include directly linking the costs and billing for inpatient nursing care with hospital 
reimbursement (Welton, 2007), mandating the process by which hospitals determine staffing by having a 
staffing committee that matches the skills and experience of the nursing staff to the need of patients 
(required by hospitals in 7 U.S. states), and reporting of staffing levels to the public and/or a regulatory 
body (required by hospitals in 5 U.S. states) (American Nurses Association, 2014). In the RN4CAST study, 
hospital managers were asked if ward staffing levels are based on the result of matching staffing to 
patient acuity using a formal system. Unpublished data show that less than half of the hospitals in 
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RN4CAST use such system, ranging from 17% of the hospitals in Finland, to 63% of the hospitals in Poland. 
A blended approach of requiring hospitals to have a nurse driven staffing committee and publicly report 
their staffing levels may thus hold the most promise.   
The success of these strategies hinges on creating a positive work environment for nurses. This PhD 
study brought new levels of evidence to this issue. First, assuming causality of the associations, we 
showed at which levels interventions might be successful. Second, nurses rather than their managers 
should serve as informants of what is going on in their work environment. The accumulating evidence on 
the importance of positive nurse work environments makes it more easy to make a persuasive argument 
that there is an urgent need for innovative solutions to redesign these environments. We believe that 
blueprints for excellent nursing care environments are to a large degree exchangeable between hospitals. 
We therefore propose that hospitals that perform exceptionally well – such hospitals were identified in 
almost every country participating to RN4CAST – exchange 'what works' principles. This process can be 
viewed as a shared responsibility between researchers, human resources managers and policy makers.  
Whereas similar studies in the U.S. instantly fueled debates about the direction of nursing's future, 
past experiences have shown that Europe is still in its infancy compared to evidence-based policy 
implementation in the U.S. The work of RN4CAST therefore continues in the U.S., among the original 
collaborators in Europe, and in countries that recently joined this unique consortium of researchers with 
the common objective to highlight the importance of nursing in improving patient outcomes. 
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Summary 
The past two decades have witnessed a growing body of U.S. research evidence supporting 
contentions that hospitals with better nurse staffing, higher proportions of bachelor-educated nurses and 
superior nurse practice environments have better outcomes of patient mortality, patient satisfaction with 
care, and nurse wellbeing. More recently, the Registered Nurse Forecasting (RN4CAST) research 
consortium confirmed the direction and consistency of these associations across European hospitals at a 
pan-European scale. This PhD study capitalizes on the RN4CAST study. It encourages the use of 
contemporary statistical techniques by refining our understanding of the mechanisms underlying 
established associations, by studying phenomena at multiple organizational levels, and by promoting an 
evaluation of similarity of concepts across groups. Two important issues are tackled. 
A first issue is a lack of alignment between statistical techniques and the many comprehensive 
theories that have been proposed to explain why inputs of nursing are associated with nurse and patient 
outcomes. A first challenge in the statistical analysis is to account for the complex hierarchical nature of 
the data and theories. A hierarchical data structure is also called a multilevel data structure. In the 
RN4CAST study, a complex four-level data structure occurred because the study design corresponds with 
the clustering of nurses and patients (level 1) within nursing units (level 2) within hospitals (level 3) within 
countries (level 4). This complex data structure requires the use of multilevel modeling techniques. A 
second complexity arises from the theoretical specification of mediator and moderator variables. 
Mediators illuminate the mechanisms that explain why associations can be observed. Moderators are 
contextual factors that define the conditions under which such associations can be predicted. A third 
challenge relates to understanding underlying dimensions, also called latent variables, from a set of 
survey items. Hypotheses involving latent variables require a statistical technique called structural 
equation modeling. The analysis of mediators, moderators and latent variables must be performed in a 
multilevel framework to comply with suggested theoretical models. 
A second issue relates to a lack of measurement invariance evaluation in the cross-group 
comparisons that are so important to this field of research. Measurement invariance pertains to whether 
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measurement instruments and the constructs being measured operate in the same way across 
populations of interest. Lack of measurement invariance can result in the incorrect interpretation of what 
the researcher believed were true cross-group differences. Measurement invariance is studied in a latent 
variable framework and, like mediation and moderation analysis, relies on the use of structural equation 
models. 
In a first introductory chapter, we provide an overview of the patient safety literature and 
theoretical models and landmark studies in this field of research. It concludes with the research objectives 
of this PhD study. A second introductory chapter provides an overview of the RN4CAST study design and 
gives a concise introduction to the fundamental principles of the two main statistical techniques that are 
used in the PhD study: multilevel modeling and structural equation modeling.   
The next part of this PhD study is organized into four thematic chapters that all extend on RN4CAST 
data or study concepts. The first core chapter shows that a high proportion of nurses working in European 
hospitals reported having performed tasks below their skill level during their last shift, which is a newly 
theorized concept in the evaluation of nurses' work structure. In line with anecdotal evidence, we confirm 
a pronounced overall effect of being a foreign trained nurse from a developing country and an increase in 
reports of tasks below skill level. In the second core chapter, we hypothesize and confirm that nursing 
work environment components exhibit different effects on nurse outcomes at different systems levels. 
These new linkages have rich potential for policy makers and hospital human resources managers, as it 
may provide them with empirically-based strategies in designing level-specific interventions to improve 
nurse wellbeing and patient safety. In a third core chapter, we show that necessary nursing care left 
undone, another only recently theorized concept, is associated with a poor nursing work environment, 
performing more tasks below skill level, and a complex interplay between nurse staffing and nurses' 
education levels. We also showed that nursing care left undone explains the association between these 
components of nursing organization of care and patient satisfaction. This had recently been theorized, but 
was not evaluated statistically. In the fourth and last thematic chapter, we evaluate measurement 
invariance of our work environment survey items in Belgium. This study evidenced that some items are 
not invariant across Dutch and French speaking nurses. This study also allowed us to conclude that 
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nursing unit managers, when compared to staff nurses, hold more positive views of several work 
environment dimensions.  
In a concluding chapter, we argue that the mounting evidence linking inputs of nursing to quality 
and patient safety allows human resources managers and policy makers to identify the impact of different 
systems policies of nursing organization on outcomes. It should at the very least trigger a critical reflection 
on good practices and on the transferability, implementation and evaluation of investments in nurse 
education, work environments and staffing levels.  
Samenvatting 
De afgelopen twee decennia werden gekenmerkt door toenemende evidentie omtrent het belang 
voor ziekenhuizen om te investeren in een goede personeelsinzet van verpleegkundigen, een hoge 
proportie bachelor-opgeleide verpleegkundigen, en een uitstekende werkomgeving voor 
verpleegkundigen. Deze kenmerken van de organisatie van verpleegkundige zorg zijn immers gerelateerd 
aan een lager risico op overlijden van patiënten en een hogere graad van tevredenheid onder patiënten 
en verpleegkundigen. Tot voor enkele jaren geleden was deze evidentie hoofdzakelijk gebaseerd op 
onderzoeksbevindingen in een Amerikaanse studiepopulatie. Het Registered Nurse Forecasting (RN4CAST) 
consortium bevestigde deze bevindingen in een Europese setting. Deze doctoraatsstudie bouwt verder op 
RN4CAST. Dit werk stimuleert het gebruik van hedendaagse statistische technieken door het verfijnen van 
onze kennis over mechanismen die ten grondslag liggen aan gevestigde associaties, door het bestuderen 
van verschijnselen op verschillende organisatieniveaus, en door het bevorderen van een evaluatie van de 
gelijkenis van concepten tussen groepen. Twee belangrijke uitdagingen worden aangepakt. 
Een eerste uitdaging betreft de afstemming tussen statistische technieken en de vele uitgebreide 
theorieën die werden voorgesteld om te verklaren waarom kenmerken van de organisatie van de 
verpleegkundige zorg geassocieerd zijn met zorgresultaten en met het welzijn van verpleegkundigen. Een 
eerste bijzonder uitdagend aspect in de statistische analyse betreft de complexe hiërarchische aard van 
de gegevens. Een hiërarchische datastructuur wordt ook een multilevel datastructuur genoemd. De 
RN4CAST studie wordt gekenmerkt door een complexe vier-level structuur. Deze treedt op omdat 
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het studiedesign aansluit bij de clustering van verpleegkundigen en patiënten (niveau 1) 
in verpleegeenheden (niveau 2) in ziekenhuizen (niveau 3) in landen (niveau 4). Deze complexe structuur 
vereist het gebruik van multilevel modelleringstechnieken. Een tweede complexiteit komt voort uit de 
theoretische specificatie van mediatoren en moderatoren. Mediatoren illustreren de mechanismen die 
verklaren waarom associaties worden waargenomen. Moderatoren zijn contextuele variabelen die de 
associatie tussen twee variabelen beïnvloeden. Een derde complexiteit heeft betrekking op het begrijpen 
van onderliggende dimensies, ook wel latente variabelen genoemd, uit een set van 
geobserveerde variabelen. Hypotheses waarbij latente variabelen worden gespecificeerd vereisen het 
gebruik van zogenaamde structurele modellen, ook wel aangeduid met de term structurele 
vergelijkingsmodellen. De analyse van mediatoren, moderatoren en latente variabelen moet worden 
uitgevoerd binnen een multilevel analyse om overeen te stemmen met theoretische modellen. 
Een tweede uitdaging betreft het evalueren van meetinvariantie wanneer vergelijkingen tussen 
groepen worden gemaakt. Het evalueren van meetinvariantie betreft de vraag of meetinstrumenten er in 
slagen een concept op dezelfde manier te meten in groepen die men wil vergelijken. Een gebrek 
aan meetinvariantie kan leiden tot de onjuiste interpretatie van wat door de onderzoeker werd 
geïnterpreteerd als echte verschillen tussen groepen. Meetinvariantie wordt bestudeerd aan de hand van 
latente variabelen en maakt, net als mediatie en moderatie, gebruik van structurele modellen. 
In een eerste inleidend hoofdstuk geven we een overzicht van de literatuur omtrent 
patiëntveiligheid. Vervolgens komen de meest voorname theoretische modellen en studies in dit 
onderzoeksdomein aan bod. Dit hoofdstuk eindigt met de onderzoeksdoelstellingen van deze 
doctoraatsstudie. Een tweede hoofdstuk geeft een overzicht van het RN4CAST studiedesign en een 
beknopte inleiding in de fundamentele beginselen van de twee belangrijkste statistische technieken die 
worden gebruikt in deze doctoraatsstudie: multilevel modellen en structurele modellen. 
Vervolgens volgen vier thematische hoofdstukken die gebruik maken van de RN4CAST 
studiegegevens. Het eerste thematisch hoofdstuk toont aan dat een groot deel van de verpleegkundigen 
die werkzaam zijn in Europese ziekenhuizen aangeeft dat ze taken onder hun competentieniveau 
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uitvoeren. Dit is een recentelijk getheoretiseerd begrip dat meer en meer aandacht krijgt in de evaluatie 
van de werkstructuur van verpleegkundigen. In lijn met anekdotische rapporten bevestigde deze studie 
dat verpleegkundigen die werden opgeleid in een ontwikkelingsland meer van deze taken rapporteren. In 
een tweede thematisch hoofdstuk bevestigen we de hypothese dat componenten uit de werkomgeving 
van verpleegkundigen verschillende effecten op het welzijn van verpleegkundigen uitoefenen op 
verschillende systeemniveaus. Deze inzichten laten toe dat beleidsmakers en human 
resources managers empirisch-gebaseerde en systeemniveau-specifieke strategieën kunnen ontwikkelen 
en implementeren wanneer men het welzijn onder verpleegkundigen wil verhogen. Een derde thematisch 
hoofdstuk handelt over noodzakelijke verpleegkundige zorg die niet wordt uitgevoerd. We tonen aan dat 
dit geassocieerd is met een slechte verpleegkundige werkomgeving, het uitvoeren van meer taken onder 
het vaardigheidsniveau, en een complex samenspel tussen verpleegkundige personeelsinzet en het 
opleidingsniveau van verpleegkundigen. Er wordt tevens aangetoond dat nagelaten verpleegkundige zorg 
het verband verklaart tussen deze kenmerken van verpleegkundige organisatie en de tevredenheid van de 
patiënt. Dit werd reeds getheoretiseerd, maar niet statistisch geëvalueerd. In het vierde en laatste 
thematisch hoofdstuk evalueren we de meetinvariantie inzake de perceptie van Belgische 
verpleegkundigen omtrent hun werkomgeving. Uit deze studie blijkt dat sommige items voor het meten 
van de werkomgeving niet invariant zijn voor wat betreft de vergelijking tussen Nederlandstalige en 
Franstalige verpleegkundigen. In deze studie wordt ook aangetoond dat verpleegkundig managers de 
kwaliteit van de werkomgeving hoger inschatten dan hun verpleegkundigen. Deze verschillen zijn echte 
verschillen die niet onderhevig zijn aan problemen met betrekking tot meetinvariantie. 
In een afsluitend hoofdstuk argumenteren we dat er voldoende evidentie is dat kenmerken van 
de organisatie van de verpleegkundige zorg gerelateerd zijn aan de kwaliteit en de veiligheid van de 
patiëntenzorg. Dit moet op zijn minst leiden tot een kritische reflectie over goede praktijken en over de 
overdraagbaarheid, implementatie en evaluatie van investeringen in de opleiding van verpleegkundigen, 
hun werkomgeving, en personeelsinzet. 
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